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GOST BENEFIT TBABEOFPS FOR REDUCING THE ENERGY 
CONSUMPTIOIT OF THE COMMERCIAL AIR TRANSPORTATION SYSTEM 

J. P, Hopkins , and H. E. 1>?harton 

locldieed-Califonnia Company 

SUMMARY 


This study examines the praetical means for achieving reduced fuel consump- 
tion in commercial air transportation, A supplemental study performed as a 
modification to the basic Gontract assesses the merits of . advanced turboprop 
propulsion. 

Aircraft performance and operating cost data are developed in Phase I of 
the study under four basic options for fuel conservation. These, basic fuel con- 
serving options are operational procedure changes, modifications to and deriva- 
tives of current aircraft, and netr near-term designs. Aircraft performance and 
operating cost data on current domestic fleet aircraft are developed to provide 
a baseline for comparison purposes. NASA Specification No. 2-2U9.68 dated 
June 3 , 19T^» Statement of VTork Study Task l.h.1.1 specifies development of data 
on the Lockheed L-lQll and L-188 Electra as a minimum. Phase II consisted of 
selecting the most promising options, performing option refinements, and prepar- 
ing the resulting data in a form stiitable for use in the overall fleet, analysis, 
studies vhieh were conducted by a transportation systems analysis consulting 
organization.. 

The merit of an advanced: turboprop propulsion system designed to operate at 
high Mach numbers was evaluated by integrating it with an airframe system 
designed for 198$ service .introduction and cdiaparing it with an equivalent 
missidn, equal technology turbofan powered airplane. 

Conclusions and recommendations drawn from Lockheed's role In the basic 
study effort are as follows : 

• Changes to operational procedures, offer an, immediate and inexpensive 
method to conserve fuel and should be implemented on a priority basis. 

• Of the near-term L-1011 modifications studied, the engine afterbody 
revision and ^dng tip exrbension offer even larger fuel Savings 
benefits than changes in operational procedures. The engine afterbody 
modification should be retrofitted to fleet aircraft, as well as the 
wing tip extension where possible (dictated by takeoff gross weight 
requirements). 

9 ' Increased seating capacity and/dr density in terras of a modifiCabidn 

to the basic L-lQll-1 aircraft offers the most dramatic efficiency 
gains but is dependent on continuation of demand groirth and fuel 
.availability.. .. 
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New near-term aircraft designs are not likely to be developed 'vri.thout 
increased density seating. A later airplane service introduction to 
allow incorporation of more of the technology advances > including a 
new turboprop propulsion system, may enhance the case for a new air- 
craft development. Development of the advanced technologies reg,uired 
is recommended. 

It was concluded from the supplemental studies that an ad'.-aneed turboprop 
propxilsion system is a viable alternative to the turbofan, offering significant 
fuel and operating cost savings without compromising passenger comfort. To 
accomplish this requires that the following actions be implemented on a first 
priority basis: 

o Demonstrate propeller efficiency levels of approximately 80 percent 
(installed) at a flight Mach number of 0.80. 

e Perform experimental investigations of propfan/turboprop wing inte- 
gration to establish that reasonable drag characteristics exist for 
practical prop-fan /turboprop power plants mounted on swept, super- 
critical wings. 

• Determine sound levels generated by propfan/turboprop concepts 

operating at Mach 0.80 cruise and establish sound attenuation and 
weight penalty requirements for their satisfactory suppression. 


INTBODUCTION 


The dependence of the United States on foreign sources of petroleum to meet 
our ever increasing energy demands was brought to the forefront in late 1973 by 
the oil embargo. The restrictions placed on all foims of energy consumption by 
the fuel allocations imposed during that period resulted in the consideration 
of and in some cases the actual conversion to alternative forms of energy. How- 
ever, the air transportation industry is, now and for the foreseeable future, 
totally dependent on petroleum fuel. The restrictions of 1973, led to a 
concerted effort by the air transportation industry to conserve fuel. The effort 
did not diminish with the relaxation of the imposed allocations; the more than 
doubled fuel cost becoming the driving force for fuel conservation. To remain 
economically viable while continuing to meet the forecast increasing demand for 
service requires that the industry make every effort to conserve fuel. 

The study reported by this document examined the potential for improving the 
energy consumption of the commercial air transportation system from an airframe 
manufacturer's viewpoint. The Loekheed-California Company’s share of this study 
was one part of a coordinated effort which included another airframe manufacturer, 
McDonnell Douglas, an airline operator. United Airlines, and a consi^tant organi- 
zation specializing in air transportatioi* economics and demand forecasting. United 
Technologies Research Center. The potentieil for fuel efficiency improvements in 
several specific areas was examined, followed by exploring the refinement of the 
most promising options. Characteristics, performance, operating cost and price 
information for the approved options were provided by the airframe and airline 
contractors and used as inputs by the consiilting organization. This latter effort 
included the overall analysis of the effectis of introducing the fuel conserving 
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options into demand projections and fleet operations models to arrive at a 
prediction of future fuel requirements, service levels and economics. 

Baseline fuel and operating cost data were first ests.blished through 
tabulations of current fleet aircraft performance data on 'noth a manufacturer's 
hand"book 'basis and as reported to the Civil Aeronautics Board “fay the airline 
operators , The Lockheed L-1011 TriStar and L-I 88 KLectra ai.rcraft were studied 
as 'baseline aircraft in Task 1. Consideration of changes in operational proce- 
dures that result in improved fuel cotsun^tion was the Task 2 stuay effort. IHie 
Lockheed effort in this task was concentrated on the L-1011 aircraft. Task 3 
was the preliminary design and evaluation of fuel conserving modifications to 
current aircraft, the modifications being limited to those that could be incor- 
porated in current produetioii or retrofitted to in-service aircraft . More 
extensive derivatives of current aircraft were considered in Task 1| follotred "by 
the design, of all new, near-term fuel cons ejrvative aircraft in Task 5* Three 
payload/range size classes mth both minimum direct operating cost and minimum 
fuel as design criteria were studied. : In addition, both turbofan and turboprop: 
propulsion systems were considered. 

Because this study by necessity involved a coordinated effort among the 
several contractors and NASA, . a study plan and study ground rules were established 
at the outset by the parties concerned. The study plan coordinating the work of 
all of the contractors was the responsibility of the consultant organization. 

United Technologies Research Center, and is discussed in their final report (Ref, l). 
The KASA technical monitor, the airframe manufacturers, Lockheed and McDonnell 
Douglas, and the airline contractor. United Airlines, developed the study ground 
rules to be used in the aircraft performance and operating cost calculations. 

The flight profile used for all performance calculations is included as Figure 1 
and the ground rules, in terms of seating configurations , passenger and cargo 
allowances, and economic parameters is presented in Table 1. 

A supplemental follow-on stuc^, also reported in this document, examines 
the potential viability of an. advanced turboprop transport which was compared 
^ri.th an equal technology advanced turhofan transports This effort resulted 
from a modification to the original contract in order to more fiilly explore the 
high potential fuel savings indicated for the turboprop transport aircraft con- 
cept In the preliminary studies. The aircraft analyzed were designed for service 
in 1985 and therefore incorporated additional fuel conserving technologies 
es^eeted to be available in that time frame. Both turbofan and turboprop 
aircraft were designed to cruise at Mach 0.8, the turboprop utilizing an advanced 
propeller to accomplish this. 

Three subcontractors , the Pratt and Whitney Aircraft and the Hamilton 
Standard Divisions of United Technologies Corporation, and Eastern Airlines j 
assisted Lockheed In this supplemental study. Performance and economic ground 
rules consistent with the basic contract were maintained and preliminary data 
were, supplied to the United Technologies Research Center for use in their air 
transportation system operations analysis studies. 

Because of the large number of figures and tables required in the performance 
of this study, it was not practical to integrate them with the text material. 
Consequently , they have been sequantially incorporated at the end of the appropriate 
section, figures followed by tables. 
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Interior Arrangements 

10/90^ First Glass/Cpach @ 38 in./3^ in* 

8 Abreast Seating (Baseline L-lOll) 

Lower Deck Galley Where Feasible 

Payload Allowances 

200 Ib/Passenger (including Baggage) 

No Cargo Carried for Performance Analysis 
Cargo Revenue = lOjS of Total Revenue 
Onboard Fuel Includes No Tankerage 

Operational Parameters 

Load Factor = 58^ (100^ for New Aircraft Design) 

Fuel Heat Content = 186OO Btu/lb 

Fuel Density = 6»8 lb /gal 

Direct Operating Cost - Updated 1967 ATA 

Indirect Operating Cost - Lockheed 1973 Coefficients 

Economic Parameters 
1973 Dollars 

15^/Gallon Fuel (All Tasks) 

15^/30^/60#/Gallon Fuel - New Airplane Designs 
: Depreciation Period = I6 Years irith 10^ Residual 

Spares = 15^ of Flyaway Cost 
Insurance Rate - 1 % 

Production Quantity =250 Aircraft 
Inflation - 5 % 

Discount Rate = 8 ^ 
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Symbols . . 
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Aspect ratio, b /S 
Wing span. , ft 
Wing chord, ft 
Propeller blade chord, fb 

Drag coefficient ' . 

lift' ooefficient 

Distance between inner and outer fuselage vails 
Drag force , lb 
Propeller diameter , ft 
Decibel 

Wet thrust force , lb 
frequency , hz 

natural frequency , ha - . 

Ring frequency, hz 

Equivalent spring stiffness of air between fuselage vails 
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2 
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2 ' 
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2 
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p 

Dynamic pressure , lb /ft 
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2 
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T/W Thrust to -wei^t ratio , 
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T} Propeller efficiency 
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... o 
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pc Impedance of air 
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1. MSELIHE TRISTAR At© ELECTRA AIRCRAFT DATA - TASK 1 


The ohjective of thla task is to estahlisli the "basis for comparison of the 
various fuel conserving options identified during the course of the study. Data 
for existing aircraft in the form of fuel consumption and operating costs vere 
calculated using manufacturer’s performance data and the standard flight profile 
ground niles established throu^ agreement "betireen NASA and the various 
contractor companies. The resulting calculated performance and cost data are 
compared "with the airline-reported performance and cost data published annually 
by the Civil Aeronautics Board (CAB). 

As stipulated "by MSA Specification No. 2 - 2 U 968 dated June 3, 19T^, two 
Lockheed transport aircraft are considered; the L-lOU TriStar and the L-188 
Electra.- The calculated data for both aircraft are "based on the use of the high- 
speed flight profiles which are representative of the typical airline operation 
for these alrcraffc prior to the September 19T3 oil embargo by the OPEC coiintries; 
that period generally referred to as pre-energy crisis. The United States trunk 
airlines are required to report financial and operating statistics to the CAB in 
accordance rtth a uniform system (Porm. 4l) and these data are summarized by the 
GAB in the Aircraft Operating Cost and Performance Report (Ref. 2). This report 
is the source of the airline operations data referred to in this section as CAB 
data.; ■ . 

1.1 L-1011 Tristar 

For tbe base study year* 1973j "t^ domestic airlines j Trans World and 
Eastern, operated the L-1011 TriStar. Since the route structures of these 
airlines are quite different, the GAB data for both are used. A conparison of 
the calculated fuel consuitption and operating cost data and the data as reported 
by the CAB is shotm in Figure 2 where the symbols representing the reported CAB 
data are plotted at the CAB average stage length for each airline. 

Reference to Figure 2 shows significantly hi^er fuel consumption and 
cost exhibited by tbe CAB data. In terms of- tbe fuel parameter, this is not 
unejtpected since the 1973 reporting period reflects considerable L-1011 oper- 
ating time wltb an interim engine wbicb was substandard in fuel economy. In 
addition, the route structure of Eastern Airlines, which is mainly in the 
crowded East Coast corridor, tends to distort the comparison relative to the 
calculated flight profile "because of off -optimum altitude operation requirev 
ments and an increased num"ber of delays (both of which are results of crowded 
airspace). This situation causes large detrimental effects on fuel consuiap- 
tion not unique to the L-1011 aircraft. Since these actual opertting conditions 
cannot he interpreted from the CAB data, aa indication of the effect of noh- 
optimum cruise altitude alone is shown on the fuel consumption curve of 
Figure 2. Cbaaging the cruise altitude from the optimum 35 000 feet used in 
the calculated data to 31 000 feet increases tbe gallons per hautieal M.le 
by approximately ten pereenb as shown. During the early operation of the 
L-1011, as reflected by the 1973 data, Trans World Airlines also operated the 
airplane on the more crowded East Coast routes , therefore the off-optiniam 
altitude effect is undoubtedly reflected in tbeir reported fuel cohsun^tion. 
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In acldltibn to the impact of the fuel consumpt ion disparity;, the direct 
operating cost comparison shofuji in Figure 2 is hiased h;^ differences in 
aircraft; utilisation. Ihe calculated operating cost data assumed an average 
yearly utilisation of 3285 hlock hours. Ihe 1573 utilization attained by 
Eastern was 27^2 block hours while that of Trans World was 2986 block hours . 

The. effect of adjusting the calculated Cost to these utilizations at the 
respective average, stage lengths is also .shown on Figure .2, As indicated, 
this single change in the input parameters has a. significant impact on the 
operating cost levels . 

Detailed comparisons of the perfor3iiance and operating cost data at the 
CAB average stage lengths for the two reporting airlines are shofm in 
Table 2. As an example of the care that must be exercised when comparing, 
these kinds pf data, note that the block fuel, although quite different 
on a total pojmds basis, is considerably closer when compared in terms of 
gallons per block hour. This is caused by the difference in block speed 
reported versus calculated. ; The higher calculated speed gives a . lower, 
block time at the average stage length and thus raises the calculated fuel 
per block hour nearer to the CAB reported value. 

The direct operating cost breakdom of Table 2 is presented for both 
the average yearly utilization of 3285 block hours and at the utilization 
as reported by each airline to the CAB. As previously noted on the graphic 
comparisons, the change in utilization substantially changes the total direct 
operating cost . Table 2 also shows that the DOC elements of insirrance and : 
depreciation are those affected by utilization. In addition, since these 
are procedural related costs rather than performance related, airline 
policy becomes a factor. For example, the Air Transport Association (A!EA) 
equations use: the .straight line method for depreciation while the CAB dilows 
the airlines to use the double declining balance method for the first seven 
years of the airplane's total depreciation period and the straight line method 
thereafter. The double declining balance method gives considerably higher 
depreciation costs during the early years of an airplane 's service life. 

Table 2 also shows that while the calculated crew cost is close to that 
reported by Trans World Airlines, there is a large difference in this cost 
element as reported by Eastern Airlines , This may be due to the nature of 
the Eastern route structure; shorter routes that allow less .. crew Utilization, 
or simply to differences in labor contracts. It was concluded from the 
foregoing, comparisons that the L-1011 airline data reported to the CAB for 
the base study year is distorted by . the fact that the airplane was still in 
its introductory service life. For a better measure of the correspondenGe 
of the tvro data sources, performance and cost data for the L-I 88 Electra 
aircraft ...was utilized. 

; . 1. 2: L -188 Electra : / . ' 

During the base study year, of.. 1973, the. Electra saw only llTnited. airline . '. 
■ service. The type bf service which the aircraft provided, shuttle arid 
backup to first lirie aircraft ,. was also considered to be nonrepresentative ; . 
for purposes of this study. An earlier year, 1987s was selected for 
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establishing the bft 6 eline data. ’Olhat year represents an Blectra operational 
period that is well down the learning cnryej approximately ten years after 
initial airline service, thus eliminating any erratic perfo 3 ?mauce and cost 
data caused ty new airplane introduction, 5 he CAB cost data are also directly 
Gomparable to the •'Galculated costs based on- the 1967 A5CA. methods. 

In order to obtain a good representation of the L-I 88 Blectra operating 
data, CAB data for six airlines was assembled. Table 3 presents a summary 
of these data as they appear in the GAB reports. The direct operating cost 
and performance data were averaged to obtain the figures sho^m in the far 
right column in Table 3. 

An illTistration of the fuel consunqption and direct operating cost 
coEg)arison is shown in Figure 3. T^e CAB data are shown for each of th§ six . 
airlines as denoted by the symbols on the figure. The average block fuel, 
operating cost and block speed from Table 3 are also plotted and are noted 
by the solid symbols in Figure 3. Although differences are still apparent, 
especially in the direct operating costs for particular airlines, the 
comparison between the average CAB data and the calculated data shows a 
better correlation than the L-1011 results. Referring to Figure 3 and 
Table 3 , the CAB data summary for the six airlines selected shows a spread 
in the reported stage lengths , ranging frpia 15 G to 197 nautical miles . Use; 
of the average stage length of I 76 nautical miles for a detailed comparison 
of the fuel constmiption and direct operating cost elements was therefore 
considered reasonable. 

Breakdowns of the fuel consumption and direct operating cost comparisons 
between the calculated and CAB data are shown in tabular form in Table 4. 

The calculated data are shown in these tables for the -1967 CAB average 
utilization and at a payload commensurate with the average reported load 
, factor of 57 percent. Since the ATA equations used for the calculation of 
direct operating dost are based on a statistical Atudy of the I 967 reported 
costs, no cost modifiers were applied to these data to reflect the inflated: 
1973 dollar values . 

In thn performance section of the Table 4 comparison, the CAB reported 
block speed is lower than the calculated value. However, the difference 
of 10 knots represents a difference in fuel flow of approximately one 
percent and the corresponcling inpaet , on the direct operating post wpiild be 
less than 0.2 percent, an insignificant amount. This same difference in: 
block speed however does affect the fuel consumption data when the reported 
CAB data in units of gallons per block hour are converted to the study units 
of gallons per nautical mile, A difference of less than one percent is 
magnified by a factor of six in the conversion. The effect of one parameter 
on another must receive careful consideration when 3oiaking comparisons of 
this type. Noti that at the average stage length being considered, a change 
in ground time of only three minutes would result in the same block speed. 

The fact that enroute winds are not taken into account in the calculated 
data also impacts the fuel consumption comparison as do factors such as 
fuel spillage and evaporation uhich are inherent in the CAB data. 


The cost section of the Table 3 con^jarison shovs that the largest 
disparity hetween the calculated and the CAB data is in the insurance cost* 

The two percent rate used in the ATA equations appears to overstate this 
cost . The fact that the Electra had been in operation for ten years in 1967 
indicates that the book value of the airplane had decreased to the point 
Triiere: the insurance rates would be minimal as shO^m by the. CAB datai The ATA 
equations also slightly overstate the maintenance cost, but it was felt that 
the comparison on this element was within reasonable tolerance. On the 
basis of the average of the six airlines selected, the calculated Electra 
direct operating Cost and its elements appear to be reasonable ae determined 
by using the study-adopted methodology. 

While the foregoing comparisons are not conclusive, the results using 
the CAB summary data are not unexpected. Aircraft comparisons on the basis 
of the CAB data are difficult and as indicated may be misleading. Airlines 
reporting to the CAB are using the same or similar equipment Trader quite 
different operating conditions and route structures. Block fuel and speed 
discrepancies are a direct result of these differences in operating conditions 
Operating cOst levels are also, affected by such factors as fuel price 
variations lease versus pTirchase of aircraft, individual airline accounting 
practices, and capitalization and amortization policies . The particular 
point that an aircraft model is at during its service life for a reporting 
period affects the cost data; initial operations of a new airplane t^e, 
as noted in the L-1011 comparisons, produce erratic dp er at ing cost figures. 

As was shown in the detailed Table 3 comparisons, differences in 
the total direct opeiJating. cost levels are a reflection of the wide excursions 
in the levels of each direct cost element between airlines . These excursions 
are, of course, associated with the variable factors which affect the 
individual accounts making up each direct cost element (crew, fuel and oil, 
maintehance, etc. ) . Although it is possihle to eliminate some of these 
anomalies from the raw cost data by making adjustments using information 
contained in the Eorffi. 4l repoiHjs themselves, it was not possible during this 
study to normalize all of the reported data as this woTild require details 
on each variable factor from each individual airline. 

1.3 Idealized Data 

Tables 5 throtigh 8 present the fuel eonsUmptlon and operating cost data 
as calculated for the L-1011. TriStar. Tbese da-ta are tabulated for a series 
of stage lengths including the 19T3 CAB average stage length. Fuel 
consumption is shown in terms of total block .fuel and on both an airplane- 
nautical mile and a seat-nautical mile ibasis in Table 5. , The seat-nautical 
mi I p fuel consumption is show in units of seat-nautical miles per gallon 
and Btu's per seat-nauticai mile. Total direct and total indirect operating 
costs are tabulated in Table 6 while the detailed brealcdowiis of these costs 
are shown in Tables T and 8.; All of the cost, data are presented in units of 
centis per available seat-nautical milie. In ad^tion, the total cost data 
are presented in Table 6 in terms of dollars per block hour with the 
coTKresponding block speed at each stage length indicated in an adjacent 
coltmui. 
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Hie average ne’tr price for tlie L--101i in 19T3 dollars "based on a 
"breakeven production quantity of 250 airplanes is as follows: 

Airplane Spares 

Airframe ^15 655 867 $2 348 383 

Engine 4 054 433 6o8 l65 

TOTAL $19 710 320 $2 956 548 

Calculated fuel consumption data for the L-188 Electra are presented 
for various stage lengths in Tahle 9^ These data \rere also calculated 
for the standard flight profile using the established study ground rules* 

Since the cost data for the Electra were based on the year I967 rather 
than the base stuay year of 1973 » as explained earlier 3 detailed cost data 
are not included. At this point in the study , it p-as decided mth If ASA 
concurrence 5 that the L-I88 Electra should not be included in the current 
aircraft definition for purposes of the demand projections and fleet operations 
analysis (to be performed by UMted Airlines and United Technologies 
Research Center). Therefore 3 the Electra cost data^ as calculated, “were 
used to provide evidence of compatibility mth the reported CAB data as 
previously discussed. 

The price information for the Electra is as follo'trs: 

Airplane ; Spares 

Airframe $1 94 j 000 $194 000 

Engine 360 OOP l44 000 

TOTAL $2 300 000 $338 000 

These prices are for 1967 and ‘were used in the calculation of the direct 
operatiiig cost for comparison mth the I967 L-I88 Electra GAB data. 


$/blk-hr BLOCK FUEL gal/n.mi 



CALCULATED DATA 
EFFECT OF CRUISE ALTITUDE 
OPTIMUM ALTITUDE 
CRUISE @31 000 ft 


CALCULATED DATA 
■ EFFECT OF UTILIZATION 
>1973 CAB UTILIZATION 
^>3285 hr UTILIZATION 


CAB DATA (19731 

Aeastern 


TRANS WORLD 


RANGE <^100 n.ml. 


Figure 2.— Comparison of calculated and CAB data - L-1011 TriStar 
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Data Source 
Available Seats 
Load Factor {%) 
Fuel Consumption; 
(lb) 

(gal/blk-hr) 
(gal/n.mi. ) 

( seat-n .mi./gal ) 
(Btu/seat-n.mi. ) 
Block Speed (kt) 


Direct Operating Cos 


33 970 
2277 
6.90 
35.51 
3567 

330 


k9 440 

2237 

5*10 

53.54 

2365 

439 


Airline 

Stage Length (n.mi.) 

EAL 

724 

TWA 

1426 

Data Source 

CAB 

Calculated 

CAB 

J Calculated 1 


Utilization (hr) 
DOC f$/blk-hr); 
Crew 
Fuel 

Insurance 

Maintenance 

Airframe 

Engine 

Burden 

Depreciation 
Total DOG 


3285 

2743 

260 

260 

337 

337 

60 

7.2 

387 

387 

115 

115 

124 

124 

l48 

l48 

388 

465 

1432 

1521 
























TABLE 3.- 


l -188 electra cab 


Aircraft Operating Expenses 
DOC - $/Block Hr 

Flying Operations 


Depreciation-Airframe & Other 
D eciation-Engine 
Obsolescence & Deterioration 
Rentals 

Total DOC $/Block"HR 


Performance and Char act eristics 
Average Stage Length (n.miO 
Seat Loajd Factor (^) 

Available Seats /If autical Mile 
Average Block Speed (mph) 

Ckt) 

Fuel Consumed (gal/blk-hr) 
(gal/n ,1111 * ) 

Cost of Fuel ( 0 /gal) 


American 

Braniff 

131,40 

91.73 

67.96 

62.89 

2.^0 

4.46 

.10 

,94 

85.85 

67.67 

69.49 

58.18 

86.87 

48,23 

72.28 

47.00 

18.30 

5.68 

5.18 

1.38 

0.00 

11.32 

539.82 

399.49 

16 4 

183 

60.0 

53.3 

75.0 

80.9 

2l4 

249 

186 

216 

681 

682 

3.66 

3.15 

9.729 

9.117 


- 12 MO.TOHS mDim DECEMBER 31,: 196 ? 


Airline 


Eastern 


National Jforth\fest Western 


CAB . 
Average 


113-17 
fit .10 
U.22 
*52 

47.33 

44.27 

'33.80 


20,07 

6.06 

1.26 

0.00 


81.60 

66.97 

4.74 

.01 

50*86 

36,71 

48.28 


5.64 

3.77 

4.87 

0.00 


94.52 

70.08 
3.84 

.54 

51.15 

43.45 

33.15 

78.62 

19.49 

5.41 ; 

0.00 

400.25 

162 

51.9 

77. P 

225 

195 

643 

3.30 

10.332 


88.37 

72.00 

1.04 

0.00 

54.79 

41.24 

32.29 

52.48 

0.30 

6.23 

0.00 

348.74 

169 

57.2 

94.2 
256 
222 
634 

2.86 

10.796 


104.07 

66.69: 

3.61 

.34 

57.65 

48.13 

53.31. 

38.97 

,8.49: 

3,57 

1.04 

385.88 

176 

56.6 

82.1 

233 

203 

691 

3 . 4 o 

9.373 









TABLE 4 -- PERFOEMAjSTCE MD COST COMPAEISON 
L-188 ELECTRA 


Perfoimance 


"Data Source* 


Stage Length ) 

Avail able Seats 
Fuel Consumption: 
(It) 

(gal/blk-Tir) 
Cgal/n.mi. ) 

( 's e at-n . mi . /gal ) 

( Btu/ seat-n .mi . ) 
Block Speed (kt) 


Direct Operating Cost 


Data Source 


Stage Length (n-mi*) 

Load Factor {%) 
utilization (hr) 

DOC ($/'blk-hr): 

Flying Operations 
Crew 

Fuel and Oil 
Insurance and Other 
Maintenance 

Airframe and Other 

Engine 

Burden 

Depreciation and Rentals 
Total DOC 


GAB Average 

Calculated 

(1967)* 

Data 

176 

176 

82 

82 

3938 

3480 

668 

619 

3.29 

2.91 

2U.92 

28.18 

5075 

4485 

203 

213 


CAB A,verage 

Calculated 

(1967)* 

Data 

176 

176 

57 

57 

2515 

2515 

IOU.07 

io 4 

66,69 

71 

3.95 

18 

57.65 

60 

1 ^ 8.13 

58 

53,31 

52 

52.07 

70^ 

385.88 

433 


^American, Braniff, Eastern, National, Northwest and western 














TABLE 5. - CfLACULATED FUEL CONSUMPTION - L-1011 TRISTAR PRE-ENERGY CRISIS 


Stage Length 
n.mi. 


Block Fuel Consumption 


gal 


seat-n.mi. 


gal 


Btu 


seat~n.na 



TABLE 6. - CALCULATED TOTAL OPERATING COSTS - L-1011 TBIBTAR PRE-ENERGY CRISIS 


Stage Length 
n.mi. 



Toti 

al DOC 

$/hlk-hr 

^/seat-n.mi. 

I82i; 

i. 2,81 

■ 

1690 

2.0i» 

1538 

1.56 

lk6k 

1.39 

lhl2 

1.25 

13T4 

1.12 

1366 

1.08 

1368 

1.06 

1^28 

1.30 


Total IOC 


$/hlk-hr ^/seat-n.mi. 


5512 


3650 


2530 


2028 


1567 


1201 


1068 


1080 

































































































TABLE 7.- 


DIRECT OPERATING COST BREAICDOWN - 
L-1011 TRISTAR PRE-ENERGY CRISIS 


DOC 

Component 

Stage 
Length (mmi. ) 

DOC ^/seat-n.mi. 

100 

200 

400 

600 

1000 

2000 

3000 

4ooo 

825 

Crew 

0.41 

0. 34 

0.27 

0.25 

0.23 

0.21 

0.21 

0.20 

0.24 

Insurance 

0.09 

o.o8 

0.07 

0.06 

0.05 

0.05 

0.05 

0.04 

0.05 

D^reciation 

0.6l 

0.52 

O.U 

0.37 

0.35 

0.32 

0.31 

0.30 

0.36 

Maintenance 

1.29 

0.71 

0.48 

o.4o 

0.32 

0.26 

0.24 

0.24 

0.34 

Fuel (155^/gal) 

0.42 

0.39 

0.33 

0.32 

0.30 

0.28 

0.28 

0.28 

0.31 

Total DOC 

■ 

2.81 

2.04 

1.56 

1.39 

1.25 

i 

1.12 

i 

l.o8 

i.o6 

1.30 
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IOC 

Stage 

Length (n.mi . ) 


System Expense 

Local Expense 

A/C Control Expense 

Hostess Expense 

!PooA and Beverage 

Passenger Service 

Cargo Handling 

Other Passenger Expense 

Other Cargo Expense 

General and Administrati 

Total IOC 


TABLE 8.- INDIltiBCT OPERATIEG COST BREAKDOWN - 
L-1011 TRISTAR PRE-EMERGY CRISIS 


IOC seat-n .mi . 


100 

200 

400 

600 

1000 

2000 

3000 

4000 

825 

0,15 

■ 

0*12 

0.07 

0.04 

0.o4 

0.03 

0.03 

0.02 

o.o4 

2.32 

0.97 

0.49 

0.39 

0.23 

0.12 

0.08 

0.08 

0.29 

0.07 

o.o4 

0.02 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.28 

0.25 

0,21 

0.17 

0.16 

0.15 

o.i4 

0.14 

. 0.16 

0.27 

0.24 

0.20 

. ■ 1 

0.17 

1 

i 

0.16 

0.15 j 

o.i4 

o.i4 

• ! 

0.16 

3. ,14 

1, 4o 

0.79 1 

0.52 

0.31 

0.16 

0.11 

. 0.10 

0.36 ■ 

1.50 

j 0.80 

0,40_ 

0.25 

0.15 

0.08 . 

0.05 

0.05 

0.19 

0.22 

! 

0.22 

0.22 

0.22 

0.22 

0.22 

0,22 

■0.22 , 

0.22 

0.01 

0.01 

0.01 

0.01 

0.0l\ 

0.01 

0.01 

0.01 

0.01 

0.53 

0.36 

0,16 

0.15 

0.11 

0.09 

0.08 

0.07 

0.13 . 

8.48 

4.41 

2.57 

1.92 

1.39 

0.98 

0.84 

0.84 

1.57 



TABES 9.- CALCULATED FUEL COKSUMPTIOK - L-188 ELECTRA 


Block Fuel ConsuiaTDtiorx 


Stage Length. 














































2. njRISOlAil PDEL CONS^VING OPERATIOH-AL PROCEDURES - TASK 2 


The Impact of operational procedures on the fuel usage of the L-1011 
was inrestigated in this task. Fuel allocations following the oil embargo 
of 1973 forced the airlines to place more emphasis on fuel eonserwatiTe 
operational procedures as a primary consideration in everyday operation. 

Prior to this time period, most airlines directed attention to procedures 
for saving fuel for purely economic reasons. Many identifiable fuel saving 
Operational, procedures noted in this study were implemented hy certain 
airlines or all airlines before or during the course of this study* However, 
since identification of all fuel oonServing procedures and the associated 
potential fuel savings were required in this task, the fact that a particular 
procedure was already in use was not used as a basis for exclusion. 

Operational procedures that are available to the airlines for fuel 
savings were divided into two categories; flight profile management and 
aii'craft configuration management. The first category encompasses those 
procedures which relate directly to the way the airplane is flown; all 
se©aents of the fli^t profile being examined to identify procedures which 
offer fuel savings. The second category, aircraft configuration management, 
includes maintenance— related items which can affect the performance of the 
airplane and also use-related procedures or procedures which may have in 
the past been determined by airline policy but which with changes can result 
in a net fuel savings. Included in this second category were items such as 
weight and center of gravity control. 

Both the flight profile and aircraft configuration management categories 
of procedures include options over which the airline operator has some 
degree of control. Mitigating against some of these options are the 
limitations imposed by the equipment itself and the envii'onment within which 
the airline must operate. Performance deterioration beyond the ability of 
normal maintenance to remedy, and the air traffic control system are 
representative of these limitations. Although the airline has no primary 
control over these externalities, they were included in this task since in 
many cases the; can determine whether or to what extent certain fuel saving 
operational procedures can he implemented or should he implemented. 

Identification of the magoLtude of fuel conservation benefits to be realized 
from changes in operational procedures generally depends on the baseline perform- 
ance assumed. The baseline flight profile adopted for this study necessarily 
assumed handbook performance under ideal conditions. Thus, for example, to 
ensin'e consistent data from the study airframe manufacturers, standard ground : 
and flight delays and operation at optimum altitudes were used in establishing 
the performance of the several classes of airplanes considered. 

A sunCBary of the operating procedures considered in this task is showh 
in Table 10. 
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2.1 Pli^t Profile Management 

The most significant payoffs in this category in terms of fuel savings 
are in the crviise speed and cruise altitude selection. Since on the majority of 
flights, the airplane is operated in cruise for the largest percentage of the 
total mission time, small gains in fuel efficiency result in the most signifi- 
cant improvements in terms of block fuel usage. Therefore, any procedure vhich 
can he used to ensure that the airplane is operated at optimum speed and altitude 
during cruise offers good potential for reduction in overall fuel usage. 

In terms of percentage of block fuel, the other items included under 
flight profile management in Table 10 offer smaller savings. Except on the 
shorter^, stage lengths, the time spent in the takeoff, landing, climb, and 
descepiC phases of the flight are minimal, and, therefore, the large benefit 
from small increment fuel consung)tion iarorovement is not available. 

2.1.1 Cruise sueed . - Prior to the energy crisis, the normal L-1011 cruise 
speed in airline operation •was Mach 0.85. This speed represented a good 
compromise bet'ween the various factors of fuel cons'umption, sched'uling, and 
speed stability. With the advent of higher fuel costs , the fuel consumption 
factor became more critical, and a norsnal cruise speed closer -fto long range 
criiise speed is more common today. The relationship of these speeds in 
teims of fuel consuniption can be seen by reference to a typical specific 
range curve as shown in Figxire U. 

{Hie most economical speed schedule would be one •which allows the airplane 
to fly at the maximum nautical mile per pound for the particular instantaneous 
gross weight. Plight at 'bhese speeds in practice, however, is complicated 
by the reduced speed stabili-tgr experienced in this regime. Since the data 
of Pigtare 4 are calculated from measured drag polars and engine specific 
fuel consumption curves , accountability of the relatively large thrust 
adjustments reg.uired to maintain a speed •with reduced speed stability is 
not included. Experience has shown that a slightly hi^er cruise speed 
that is simpler to fly will give inproved fuel consuiipt ion. Because of 
the difficulty in theoretically accounting for speed stability, a long-range 
cruise speed (LRC) has been defined within industry as that speed which 
gives a theoretical reduction of one percent in the maximum nautical mile 
per pound, Pi’gure U shows that the LRC speed varies •with gross weight and 
also that a constant Miach 0.82 schedule more closely approximates LRC over 
the typical range of cruise gross 'weights than does the Mach 0.85 speed 
schedule . 

The relationship between the Mach 0.82 and Mach 0.85 speed schedules 
changes as caruise altitude is varied. This is depicted in Figure, 5 where 
the fuel saved by crttisihg at Mach 0.82 in lieu of Mach 0.85 is shotm. 

Several stage lengths are also indicated showing the significantly greater 
fuel sa'vings at the longer stages, * 

Since operation at the variote cruise speeds also entails changes in 
block time as well as block fuel, consider at ion was also given to this 
tradeoff. Figure 5 shows the additional block time required to obtain 
the fuel savings of the lower speed, Mach 0.82 cruise. Depending on cniise 
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altitude, a savings in fuel of l450 to 3200 pounds is realized at the 
expense of seven to eight minutes additional time at the 2000 mile stage 
length. 

The practicality of flying a particular cruise speed schedule is an 
in^jortant consideration if the identifiable fuel savings are to he resilized. 

In order to fly a constant speed schedule during cruise, the power must he 
changed as fuel is hurned off. This can he seen hy reference to Kgure 6 
where lines of constant throttle position have heen superimposed on the 
nautical miles per 1000 pound fuel data of Figure h. As an example, if 
the thrust required to achieve long-range cruise speed at an initial gross 
weight of 400 000 pounds was not reduced to maintain the desired speed as 
fuel was hurned, hut instead the speed was allowed to increase with no change 
in thrust setting-; five percent more fuel would he hurned on a 1300 mile 
stage length. While the average speed would he higher hy approximately two 
percent, it would he ohtained at the expense of the ex:tra fuel consumed. 

Since constant thrust changes to maintain a precise target speed are 
themselves undesirable from a fuel consumption standpoint, a practical 
gross Weight/power reduction schedule must he determned. . In the example 
iescrihed earlier, reference to Figure 6 shows that th3rust adjustments at 
weight increments of approximately 10 000 pounds (40 minute intervals) 
should he made to approximate closely the long-range speed schedule. On 
the L-1011, this can he aceon^lished hy setting schedulM engine pressure 
ratio (EPR) and then making any necessary thrust adjustment using the center 
engine. It has been established in practice that this procedure is practical up 
to the point where it becomes necessary to set the center engine EPR in excess 
of 0.015 more or less than the wing engines. If this occurs, the wing engine 
EPR should he increased or decreased 0.005 and the center engine again used for 
thrust trimming. This method of thrust setting, although a proven practical 
procedure, can also result in constant thrust changes if a tolerance is not 
established on the desired speed schedule. It has heen found on the L-1011 
that positive speed stability can he maintained hy assuring that the actual 
speed is not permitted to drop more than 0.015 Mach, or five knots IAS below 
the desired LRC speed. Examination of Figure 6 shows that even if the target 
speed caiinot he maintained, as long as positive speed stability exists, actual 
range is slightly improved at the lower speeds. Unless it is impossihle to stay 
within the suggested speed range (operation at maximum cruise thrust), 
reduction in altitude should not he considered. It is much more economical 
to increase power (keeping within the prescribed limits) until the weight has 
reduced to the point where the recommended schedule can. he maintained. 

As mentioned above, the airplane's speed stability is an in^ortant 
factor when considering the practicalities of flying at the more fuel 
conservative speeds. Figure 7 is a plot of engine pressure ratio required 
versus Mach number for several gross weights and graphically illustrates 
speed stability, a meisure of the airplane 's ability to laaihtain a selected 
speed at a given thrust. Examination of this graph shows the sensitivity 
of the desired speed to small changes in EPR when cruising at, or near, the 
long-range cruise speed. The area between the EPR req.xiired (gross weight) 
line and any given thrust setting (maximum cruise the example) is the excess 
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thrust available and can. he used 'to accelerate the airplane to a speed 
•where the thrust (SPH) availahle and the thrust req,uired are equal*. Once 
this stabilized speed is reached, anj loss of speed due to turbulence till tend 
to be restored by the excess thrust available at the lower speed. The rate of 
change of excess thrust with changing speed is a measure of the airplane's speed 
stability. A large ratio is synonymous with a high degree of s-tability. Quite 
obviously, the airplane has lesser speed stability when operating near the long- 
range cruise speed than when operating at a hi^er speed, liore attention is, 
therefore, required to conduct a long-range speed schedule operation. Use of the 
thrust trimming technique described earlier in this section pro'vides a practical 
means of . maintaining the desired speed schedules in the most efficient ^manner . , 

2.1.2: Cruls e altitude . - Cruise altitude selection also has a powerful 
bearing on fuel consTmoption. Figure 8 shows the effect of altitude on specific 
range for the Mach' 0.82, Mach 0. 8?j and the long— range speed schedule discuss dd 
in the previous section. A mid-cruise gross weight typical of transcontinental 
operation has been chosen for this illustration. Assinning that the airplane is 
flying at tile Mach 0.85 schedule, the fuel qonsuarotion is reduced by eight 
percent by flying at 35 000 feet rather than 31 000 feet. A similar improvement 
is realized when operating at Mach 0.82, while the reduction is four to five 
percent when operating at long-range cruise speed. JTote that the fuel consumption 
improves rapidly for each of the speed schedules as altitude is increased. This 
is i:ru.e up to the point where a limit is reached; TOfl-iTT.mi-roi cruise thrust , maximum 
operating speed, or speed for buffet onset. 

As in the case of optimum cruise speed, optimum cruise altitude is a 
function of gross wei^t so that as fuel is consumed, the altitude for most 
economical cruise increases. Minimum fuel usage in cruise is therefore 
obtained by flying a long-range climbing cruise, i.e., cruise at long-range 
cruise speed at a continually ihereasing altitude. The ability to fly in 
this manner is limited hy the current Air Traffic Control (ATC) system. On 
heavily traveled routes, it is common practice today to use a eonstant 
single altitude cruise procedure. On less hea-vily traveled routes a single- 
step eruise-climh is possihlsj using an altitude sitep of toOO feet. The 
400Q-foot altitude increment is required under current ATC rules because the 
high altitude fli^t levels are at 2000-foot altitude increments -with 
alternate flight levels designated for opposite directions of ‘bravel. On 
some designated one-way routes a ciuise-Glimh using a 2000 foot step is 
currently practical; if pending efforts to reduce the required separation to 
1000 feet are successful, the 2000-foot step could he Used on a larger 
percentage of the routes.. 

Figure S shows the relationship of these cruise techniques for the L-1011. 
Ideally , the 4000-foot climb sho"uld be made in such a manner that the higher 
altitude is reached .at the maximum cruise thrust point for ■fche speed sched'ule 
being used. Figure 9 indicates the res'ulting altitudes referenced to the 
optimum cruise-climb sched'ule. Assuming that the 2000-foot step capability is 
available through a reduction in allowable separation, a small improvement 
in fuel usage, results. Ability to conduct a cruise-climb gives an additional 
and larger improvement. However, this latter improvement, as depicted in 
Figure 9; also includes the incrementEd. savings between flying a constant 
speed schedule and flying at the long range Schedule which varies Mach as 
■fuel: \is burned. ■ 
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A step-cliinb cruise at optimum altitudes vas used in the L-1011 haseline 
ease data presented in the tables of Section 1. Relative to this base, 
therefore, the small improvement resulting from using 2000-foot steps can 
be credited. However, because ATC improvements are implied, this item was 
included in the improved ATC section of the operating procedures ultimately 
Used in the UlERC Study. 

2.1.3, Climb sneed . - Kie third item included in tbe flight-profile mEtnageraent 
section of the Table 10 summary, climb speed, offers only slight fuel 
improvements relative to the baseline operation. On the L-1011, several 
climb schedules have been identified for the operators. These schedules 
have been optimized for different types of operation including long-range - 
and bi^-speed. A normal climb-tlrrust rating has also been provided in 
addition to the usual maximum climb rating to achieve longer engine life 
potential. 

Figure 10 shows the effect of the climb-speed, schedule on climb fuel and 
time for three representative L-lOU climb schedules. The baseline for both 
the fuel and time plots is the long-range climb at 250/300 /Mach 0.80 
(250 KCAS to 10 000 feet, accelerate to 300 ECj\S at 10 000 feet, maintain 
300 EGAS while climbing to altitude where 300 EGAS = Mach 0.80, constant 
lfe,ch 0.80 to cruise altitude). As shown, the long-range schedule offers fuel 
savings of from 300 to 600 pounds at the expense of two minutes of additional 
flight time for the typical 1000-nautical mile stage length con^ared to the 
high-speed schedule (250/375/Mach O.83). These fuel and time increments 
take into account the necessity for conparing climb schedules at the same 
point in space; a Mach 0.82 cruise being used to accomplish this. A climb 
schedule that results in a shorter climb distance obviously entails a longer 
cruise segment and thus a cruise fuel increase. By adding this fuel penalty 
to the climb fuel, a true comparison of the advantages or disadvantages of 
different climb schedules on a mission profile is obtained. 

The effects of using the no3?mal climb power rating instead of the maxinaim 
climb power rating are shown in Figure 11. Several stage lengths are 
considered for each of three climb speed schedules. The additional cruise 
segment reg.uired to arrive at the same point in space as described above is 
presented for cruise at both Mach 0.82 and 0. 85. Small but measiirable fuel 
penalties are paid when using the normal, climb rating which must be ireighed 
against the improved engine life potential. 

2.1.il- Descent speed . - Since, in normal operations, the descent from 
cruise altitude is conducted at flight idle thrust with the atteudant low 
fuel flow, only small fuel savings can be identified between one descent 
speed schedule and another. Optimum long-range and high-speed schedules 
have been identified for the L-lOU. The long-range schedule consists of 
flight at a constant Mach 0.80 down to the altitude where a calibrated 
airspeed of 300 EGAS is reacbed and then holding a constant 300 EGAS down 
to 10 000 feet whereupon a deceleration to the FAA req.uired 250 EGAS speed 
is conducted, this speed then being maintained do'tm to sea level. The 
high-speed descent schedule uses a constant Mach 0.85' to the altitude for 
350 knots calibrated airspeed. Assuming that the airplane is at a final 
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cruise altitude of 35 000 feet, a- fuel saving of approximately 150 pounds 
can be realized by using the long-range speed schedule in lieu of the high- 
speed schedule for the descent. 

Another important consideration in the descent is its initiation. 

Cruise should be maintained as long as practical by planning the descent so 
that arrival in the terminal area is accomplished with a minimum of low altitude 
level flight. In this way, the period of operation at the lower uneconomical 
altitudes is minimized. In this same vein, when it is known that holding will 
be required because of congestion in the terminal area, the hold should be 
conducted at the highest practical altitude. For example, Figure 12 shows that 
a hold performed at 15 000 feet in the clean configuration can save approximately 
foTor percent relative to one performed at 5000 feet with the flaps at the 
four degree position. 

2.1.5 Takeoff . - The takeoff portion of the flight profile was also 
examined for potential fuel savings. However, even though the fuel flows 
are large during takeoff, they are relatively insensitive to thrust changes 
of the magnitude available using alternate takeoff procedures . These procedures 
consist of operation at reduced talceoff power settings where field length 
and/or gross weight permit. The potential for any significant fuel savings 
during the takeoff is further reduced by, the short amount of time spent in 
this segment . 


2.1.6 Landing . - As discussed above in the descent speed section, the 
descent should be delayed as long as is practical. Making up distance at 
the lower altitudes or while maneuvering in the landing configuration 
increases the fuel consumption. In the landing portion of the flight 
additional fuel savings are available by using xhe lowest of the landing 
flap positions consistent with the field conditions. On the L-1011, use of 
the 33-degree flap position results in a 120 pound fuel saving relative to 
the k2-degree flap position asstiming an eight mile final with a 3 degree 
glide slope. 

2.2 Aircraft Configuration Management 

The second category identified under procedure changes relates to 
those items, of the airplane configuration , both internal and external, 
which can affect the fuel consumption. Generally, these items are associated 
with the deterioration or wear of the equipment with age c" to airline 
procedures which have become established from considerations other than fuel 
consumption. 

2.2.1 Gross weight control . - The nautical mile per pound or fuel mileage 
of the aircraft for a given set of altitude, speed, and temperature 
conditions is a direct function of the gross weight of the aircraft. The 
lower the gross weight for a particular set of conditions, the better the 
fuel mileage. Therefore, if the weight at the .end of a stage exceeds the 
minimum required to perfom the mission, the potential for significant fuel 
savings exists. Any reduction that can be obtained in the landing weight 
represents a reduction throughout the mission, thus the fuel savings are 


multiplied. On a typical L -1011 transcontinental mission, each one percent 
in landing weigh'fc reduction translates to a one-ha 3 f of one percent savings 
in fuel burned. Weight reductions can be obtained in two areas: fuel carried 

and operational empty weight. 

The fhel remaining at the end of a mission consists of the reserve fuel 
and any fuel which is tankered from the origin to the destination. On many 
flights, more than the legally required reserves are carried either at the 
option of the captain or because the airline has built in extra fuel to their 
basic reserve requirements. Inclusion of fuel for diversion to a specified 
alternate airport mder all conditions when no alternate is in fact required 
(far Part 121.619 and .621) is an example of the latter. For maximum fuel 
savings, the exact reserves required for the conditions of each flight should be 
determined. 

Reclearance is another procedure which can be used to reduce fuel loads. 
This is the procedirre where clearance is obtained for an airport short of 
the destination; subsequent inflight reclearance to the intended destination 
allows burning some of the original reserves thus giving a lower landing 
weight. Reclearance is currently used on some long haul segments to increase 
payload capability, but it is an equally viable procedure on flights which 
are not payload limited to effecLiveiy reduce landing weights. 

Fuel tankering is the procedure whereby fuel over and above the amoiuat 
required for a mission segment is carried to avoid refueling at the destination. 
Reasons for this operation include both fuel price and a reduction in time 
spent at an intermediate stop. Large amounts of fuel can be involved here 
as maximum landing weight may be the only restriction. From both the fuel 
conservation and operating cost standpoint, the extra fuel burned involved in 
tankering should be weighed against the particular advantages. 

Increased operational empty weight is an obvious cause of additional 
fuel usage. Not so obvious, because of the gradual nature of the buildup, 
are the ways in which operational empty weight increases. It has been 
found that a one percent increase in empty weight can be expected in a five 
year period. Added equipment, structural modifications, heavier replacement 
interior trim and a general buildup of dirt, all contribute to empty weight 
growth. 

Since wei^t has such a powerful effect on fuel consumption, reduction 
of empty weight should receive attention xn addition to the control of its 
growth. Empty weight reductions are effective on every flight operated with 
the aircraft and are therefore more beneficial than reductions in fuel loads 
as discussed above. Some of the areas worthy of consideration in efforts to 
reduce empty weight include passenger service items, potable water, and 
emergency equipment. On large wide-bodied aircraft like the L-lOU, large 
amounts of empty weight are made up of the food and beverage service, 
consumables and the potable water. If instead of a standard allowance for 
these items, planned quantities are carried for each trip, fuel savings can 
be realized. Loading of the meal service and water dependent on passenger 
load and trip length is one way of accomplishing this. .Carriage of emergency 


30 


OPUGJBE.l'l^ OF THE 
■Sk t wfi.ft.7n TS POOR 


equipment dependent on the particulso: trip can also effec-’. fuel savings. 

5?his is typified by overwater equipment being carried or. flights where it 
is not required. A problem here is the necessity to offload and later onload 
this equipment. Again the added time must be weighed against the potential 
fuel and cost savings . ^ 

2.2.2 Center of gravity control . - Control oi' the aircraft's center of 
gravity, to result in operation at a more aft c.g,, offers potential fuel 
savings through a reduction in trim drag. On the L-1011, a fuel savings of 
nearly three percent can be identified for the complete center of gravity 
range. Figure 13 shows, however, that over the typical in-service range, the 
attainable savings are closer to one-^half of one percent , and relative to 
the current operation of the L-lOll, the savings are reduced to 0.2 percent. 
Strict control of passenger and cargo loading are necessary to accomplish this • 
fuel savings. This problem is eased somewhat by the more sophisticated 
weight and balance systems available on the newer aircraft. 

2.2.3 Aircraft cleanliness . - Besides the gro^rth in operating empty weight 

as the airplane gets older, deterioration in its aerodynamic integrity is 
also eicperienced. The causes of aerodynamic deterioration can be divided into, 
two areas: damaged surfaces and damaged seals. 

On a high-speed transport like the L-1011, it is importeint that the 
design contours be maintained. Critical areas of the aircraft are the t-rihg 
and tall leading edges , the forward fuselage , and the engine inlets . Small 
deviations in the design contours of these critical areas, caused by dents 
or improper repairs, change the airflow and cause increases in the boundary- 
layer thickness and thus the drag. Increased fuel flow is a direct result 
of the increased thrust required to maintain speed. Of the critical areas, 
the most important to monitor are the wing engine inlets. Here, a damaged 
contour can effect airflow to the engine as well as to external boundary- 
layer flow. In addition, the inlets are the most susceptible of the criti- 
cal areas to ground service equipment damage. 

There are two types of seals which require attention; those which are 
used to improve the aerodynamic characteristics of the airplane, and those 
used to seal the pressurized areas of the fuselage. Aerodynamic seals are 
provided for the most part to prevent airflow from occurring between an 
area of high static pressure and one at low static pressure. Areas such as 
these are the leading and trailing edge flaps. Leakage of air. from the 
lower to the upper surface of a flap disturbs the flow causing an additional 
drag and thrust requirement. Prevention of this occurrence requires expeditious 
repair or replacement of these seals. 

The other group of seals subject to . deterioration are those used to 
seal the pressurized areas of the fuselage at the passenger and cargo doors. 
Because of the pressure differential, leakage around these seals causes a 
disruption of the boundary layer and a consequent increase in drag and fuel 
flow. Pressurized checks performed on the grotmd are a worthwhile means of 
determining problem areas , The groxaad equipment interface is the major 
cause of damaged seals in the door areas. 
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2.3 Externalities 


The ability to implement the identifiable fuel savings is, to some 
extent, dependent on considerations b^ond the control of the airline. 

Equipment limitations and limitations imposed by operations in controlled 
airspace restrict the airline operator's fuel saving capabilities. Engine 
deterioration beyond the control of nonnal maintenance procedures, altitude 
and speed assignments belofr desired optimums, and traffic imposed delays 
both in the air and on the ground are all areas that confound the best fuel 
conservation program. 

Engine deterioration has become a major cause of fuel consumption 
penalties. This problem appears to be more severe with the new generation 
of high-bypass ratio engines than with the older low-bypass engines. While the 
engine manufacturers are currently addressing this problem and have identified 
some of the causes, the experience to date is as shown in Figure lU. As cam be 
seen, large specific fuel consuniption penalties have been experienced; as much 
as five percent for some engines. Until changes are incorporated by the engine 
manufacturers, there is little that can be done by the airlines beyond more 
stringent overhaul procedures. It is believed that a one percent improvement may 
be achievable with improved maintenance on the RB.211 engines powering the L-1011. 

The air traffic control system has the largest effect on the ability 
of an airline to implement fuel conserving procedures . As much as a thirty 
to forty percent difference was observed during the course of this study 
between the ideal handbook data generated by the manufacturers and the 
operational service data as reported hy the airline contractor. A large part of 
this difference is attributable to air traffic control required procedures which 
prevent the airlines from flying the ideal mssion profile as assumed for the 
handbook calculations. The inability to fly at optimum altitudes because of air 
traffic will increase fuel consumption. Inability to conduct preferred climb 
schedules due to altitude clearance problems also increases fuel consumption. 
Holding times above planned allowances increase fuel consumption. Improvements 
in the air traffic control system, therefore, offer significant potential for 
fuel savings in that they would allow day-to-day operations more closely 
approxiiaating the optimum. 

The task of quantifying changes to the air traffic control system however 
is not simple. Determination of what changes are possible and the cost of 
iniplementation in terms of the ground and/or aircraft equipment is a study by 
itself, well beyond the scope of this study. Identification of reasonably 
attainable fuel savings with an improved air traffic control system was con- 
sidered feasible. The magnitude of the fuel savings could then- signal the need 
to determine the cost of the required changes to the system followed hy a 
cost/benefit assessment. 

2,k Summa3ry of Data 

The assemblage of fuel-savings data to satisfy the requirements of the 
forecast studies involved a cooperative effort between the muiufacturers and 
the airline contractor. To accomplish this, the fuel savings for the identi- 
fied operational procedures changes were calculated by the manufacturers for 
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their respective aircraft models.' These identified changes were then com- 
bined and a list of block fuel reductions* with and without ATC improvements, 
was developed for each aircraft designated by MSA for use in the air transporta- 
tion system analysis study. In this task, the Lockheed generated data, for the 
L-1011 were combined with the McDonnell-Douglas generated DC-10 data for use by 
UTRC in the current three engine wide-bodied aircraft class. Figure 15 
illustrates the relationship between the agreed to fuel savings and those 
identified for the L-1011. 

During the preparation of the data discussed above, the fuel consumption 
and operating cost data for the L-lOH with selected operational procedure 
changes were generated. Although these data were not used directly in the 
air trsnspo37tation system analysis study, they are presented in this section for 
conqpleteness . The format and presentation are the same as that used for the 
L-1011 data of Task 1. Fuel consumption and operating cost for the L-1011 as 
operated in 1975 are presented in Tables 11 through ik. In the 1973 baseline 
flight profile of Task 3., the airplane was flown along a high-speed climb and 
cruise profile. For the 1975 basis of Tables 11 through ill-, the climb speeds 
were slowed to the long-range schedule and the cruise speed was reduced from the 
pre-energy crisis Mach 0.85 to Mach 0.82. These changes are considered to be 
representative of the steps which were taken by the airlines to save fuel 
following the oil embargo. This level of performance is also considered to be 
representative of the current operation of the aircraft on a handbook basis. 

Tables 15 through l8 present the fuel consumption and operating cost data for 
the L-1011 assuming that some additional procedure changes are implemented. 
Included in these data are the low-speed climb and Mach 0.82 cruise of the 1975 
basis L-1011 and in addition a general aerodynamic cleanup, a one percent aft 
movement of the center of gravity and a two thousand foot step-climb cniise. 

This cruise procedure would necessitate a change in the current altitude 
separation criteria: the current 2000 feet would have to be reduced to 1000 feet. 
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[TABLE 10.^ FUEL CONSERVOTG OPERATIONAL PROCEDURES 


AIRLINE OPTIONS 


Flight Profile Management 


• 

Cruise Speed 

0 

Cruise Altitude 

e 

Climb Speed 

• 

Descent Speed 

• 

Takeoff 

• 

Landing 

Aircraft Configuration Management 


• Gross Weight Control 

Reserves 

Tankerage 

Operating Empty Weight 

• Center of Gravity Control 

• Aircraft Cleanliness 

Externalities 

• Engine Deterioration 
fi Air Traffic Control 
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CABLE 11. - CLACULATED FUEL CONSUMPTION - L-1011 TRISTAE (1975 BASIS) 


Block Fuel Constunption 


Stage Length 
n.mi. 


gal 

n.mi. 


5 

089 

8 

893 

15 

CO 

P? 

S05 

35 

906 

67 

0 U 9 

98 

893 

139 

300 

30 

29k 


seat-n.mi. 

gal 

36.50 


Btu 

seat-n.mi . 


51.70 


55.38 


56.32 


55.12 


50.52 


TABLE 12. - CALCULATED TOTAL OPERATING COSTS - L-1011 TRISTAR (1975 BASIS) 


Block 

Speed 

kt 


Total DOC 

Total IOC 

$/'blk-hr 

^/seat-n.mi. 

$/blk-hr 

0 /seat-n*jfii* 

1803 

2.8U 

539k 

8.50 

166)1 

2.07 


4.65 

151)+ 

1.59 

25U0 

2.67 


llik 

139 


135i^ 


1338 

133^1 

11j20 


1.27 

1539 

i.i 4 

1177 

1.10 

1040 

1.07 

1050 

1.32 

1675 












































































TABLE 13.- 


DIRECT OPERATING COST BREAKDOWN 
L-1011 TRISTAR (l9T5 BASIS) 





















































TABLE Ik.- INDIRECT 0 
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TABLE 15.- CALCULATED FUEL CONSUMPTION - L-1011 

WITH CHANCES IN OPERATIONAL PROCEDURES 


Stage Length 
u.nii. 


Block Fuel Consumption 


gal seat-n.mi 


Btu 


seat-.n.mi 


5 002 


1000 


2000 


3000 


k300 


825 


8 

731 

15 

1*71 

22 

148 

31* 

455 

62 

074 

93 

602 

ikl 

500 

29 

34o 


1 * 8.00 


50.29 


53.88 


59.81 


56 . 1*1 


52.1*0 


TABLE 16.- CALCULATED TOTAL OPERATING COSTS - L-lOll 
WITH CHANGES IN OPERATIONAL PROCEDURES 


Block 


Total DOC 


Stage Length 
n.mi. 



$/hlk-hr ^/seat-n.mi. 


1799 


1660 


1507 


11*36 


1380 


1330 


1325 


13i*3 


11+00 


Total IOC 


$/hlk-hr ^/seat-n.mi. 


5391* 


3630 


2 l *80 


1978 


1530 


1178 


I0l*6 


'1060 


1685 








































































DOC ^/seat-n*mi 


600 

1000 

2000 

3000 

U300 

825 

o.s 6 


0.22 


0.20 

0.25 

0.06 

0.06 

0.05 

0.05 

0.05 

0.06 

0.38 

0.36 

0.33 

0.32 

0.32 

0.37 

o. 4 o 

0.33 

0.26 



0.35 

0.30 

0.28 

0.26 

0.26 

0.26 

0.29 

l .!+0 

1.26 

1.12 

1.08 

l.OT 

1.32 

















































100 

200 

0.15 

, 0.11 

2.32 

1.14 

0.07 


0.29 


0.28 

0.24 

3.14 

1.31 

1.50 

0.79 

0.22 

0.22 


0.01 
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TRISTIAE PUEL SAYnrGS MODIFICATIONS - TASK 3 


Fuel conserving modifications of the. 'L-lOll were studied in this task. 

For purposes of the study, modifications were defined as those fuel conserving 
improvements which could he incorporated either in new production airplanes 
or as retrofits to already delivered airplanes and were not of such a drastic 
nature as to remove the aii^plane from service for an undue length of time. An 
additional criterion was that the modifications were not so costly as to negate 
any fuel savings that might he identified; i.e. , the modification must he cost 
effective. 

The selection of fuel conserving aircraft modifications must take into 
consideration the time required for development , test , mod-incorporation, and 
recertification of the aircraft. Any modification which cannot he incorpo- 
rated without lengthy development time is not likely to he a viahle candidate. 
Derivative aircraft or all new aircraft offering suhstantially greater fuel 
efficiency would displace the modified aircraft too soon after introduction, 
and the cumulative fuel savings of the modified aircraft would therefore he 
small and the cost of the modification coxuLd not he rationally justified. 

Potential modifications identified at the beginning of the study to he 
considered in this task were as follows : 

• Wing tip treatment 

• Propulsion improvements 

• Increased seating density 

• Less sophisticated high-lift devices 

• Wing leading edge modifications 

During the course of the study some of these modifications proved to he 
impractical and were therefore eliminated. On the other hand, study of these 
particular modifications led to the discovery of other potential fuel saving 
modi f icat ion s . 


3.1 Wing Tip Treatment 

The initial modification considered in this study task was an increase in 
the aspect ratio of the L-1011 wing through a treatment of the wing tip. Fuel 
savings would he inherent due to a reduction in both cruise and second segment 
climb drag. A planar tip extension as frell as a winglet were considered. The 
results of an esiperimental and analytical study conducted at Lockheed with 
independent development funds was drawn upon for this study suhtask {Ref. 3). 
The experimental study involved wind tunnel tests of a 1/30 scale L-1011 model 
in both the Lockheed 8 by 12 foot low-speed and U by Ij- foot transonic/ 
si^ersonie tunnels. The wind tunnel models are sho^m in Figure l6. 
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The results of the experimental study showed that transonic flow effects 
severely degrade the performance of the winglet as compared to the tip exten- 
sions. A winglet which gave the same drag reduction as a comparahle tip 
extension at low Mach number (M 0,2) ^Tas able to reduce the drap- only one-half 
as much as the tip extension at cruise Mach number. Figure 17 esents these 
tunnel results at Mach 0,84. On the basis of the net drag reduction per bend- 
ing moment increase, the tip extension is the more efficient system. The wind 
tunnel teats also indicated that the winglet gave a rapid increase in drag at 
the higher Mach numbers which would indicate reduced operational buffet limits 
and higher Mach induced buffet loads at operational limit speeds . 

Several other areas such as high lift performance , handling qualities , 
flutter and aeroelastic effects, manufacturing costs and loads analysis have 
to be considered in selecting between the wingj.c-t and the tip extension as drag 
reducing devices in an airplane design. In the case of the tip extension, the 
investigation of these items is strai^t forward and well understood, whereas 
the impact of the winglet on many of these items is not known at the present 
time. This additional technological risk in the case of the winglet plus the 
unfavorable characteristics exhibited in the wind tunnel tests led to the 
recommendation that a planar tip extension be used as a modification to improve 
the fuel efficiency of the L-IOU. 

A three foot per side wing tip extension was selected for this study. 

This particular size was basea on a study of the optimum increase in span from 
both a performance and cost standpoint. With a three foot extension, a 
three percent reduction in fuel consumption can be obtained and minimal wing 
stinicture changes are involved. For retrofit on in-service L-1011*s, no rework 
or strengthening of the wing is required, however, a reduction in maximum 
takeoff weight from 430 000 pounds to 4l0 000 pounds will be required. For 
operators whose route structures do not require full takeoff gross weight, this 
retrofit may be suitable. VThere full takeoff weight is required and the addi- 
tional down-time and cost can be accepted, additional wing structural changes 
would allow retention of the 430 000 pound limit. Figure l8 shows that the 
same tip to wing joint interface of the basic L-1011 can t •> retained. Also, 
the existing tip section including the wing tip light installation can be 
utilized although some rework of the Number 4 leading edge slat is required. 

The existing anti-icing system was found to be sufficient, requiring no exten- 
sion to the revised wing tips. 

Tables 19 through 22 present the fuel consumption and operating cost data 
for the L-1011 with the three-foot wing tip extension. These data ere tabu- 
lated for a series of stage lengths including the 1973 CAB average stage length 
as in Section 2. Note, however, that the maximum stage length shown is reduced 
somewhat from the basic L-^1011 data presented earlier. This is caused by the 
reduced takeoff gross weight capability with the simplified tip modification 
used, long-range climb and Mach 0.82 cruise performance are reflected in 

the data of Tables 19 through 22, This is consistent with the current (1975) 
operation of the airplane, as discussed in Section 2. As in the previous 
sections, fuel consumption is shown in terms of total block fuel and on 
both an airplane-mile and a seat-mile basis in Table 19- The seat-mile fuel 
consumption is shown both in units of seat-miles per gallon and Btu's per seat- 
mile. Total direct and indirect operating cost data are shown in Table 20 
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with the associated cost hresikdowhs following in Tables 21 and 22. All of the 
cost data are shown in terms of cents per available seat-nautical mile and the 
total operating costs are additionally shown in units of dollars per block 
hour with the applicable block speeds indicated. 


The wing tip extension is assumed to be accomplished after the delivery of 
the 100th L-1011 and to be included thereafter. A 250 aircraft run was 
assumed. The additional cost for the tip extension and the pro rata share of 
the nonrecurring cost is included in the following airplane and spares prices. 


Airframe 

Engine 

TOTAL 


Airplane 

$15 673 9 hk 
k 05 U lt-33 

$19 T28 377 


Spares 

$2 351 092 
608 165 

$2 959 257 


3*2 Propulsion Improvements 


The engine offers perhaps the best opportunity for modifications to 
improve fuel consumption. Flight test costs alone can consume the potential 
savings of aircraft external aerodynamic modifications. For engine modifica- 
tions, the certification flight testing required is usually not as extensive, 
since items such as aircraft handling qualities, stall characteristics and 
performance may not be required. Thus a gain of one percent in terms of engine 
specifics can he more cost effective than one percent gained through an external 
configuration modification. 

Continuing research at Bolls Boyce has identified fuel flow reductions 
on the order of two percent for improvements in internal components of the 
EB.211 engine. These modifications consist mainly of revised sealing and 
improved tip clearances to reduce leakage in the core engine. These changes 
could be incorporated by 1978 as indicated in Figure 19 • Also shown in the 
figure are additional fuel flow reductions that could be realized by 1982. 
Included in the I982 period are a mixed-flow exhaust and additional engine 
sealing. 

A large improvement in the specific range of the L-1011 comes about through 
revision of the engine afterbody. The original configuration on the L-lOU 
incorporated a hot stream spoiler which deflected the core engine flow when 
reverse thrust was selected. Since the core engine reverse thrust contribution 
is very gmgi i due to the high bypass ratio of the BB.211, the performance effect 
of eliminating the hot stream spoilers is not significant. Removing the spoilers 
allows revision to the external contours of the engine afterbody; the fairings 
or stangs are removed and the core nozzle is reshaped which, combined with a 
lengthening and reshaping of the fan duct, allows iaroroved flow over the after- 
body. These changes ai’e illustrated in Figure 20 which compares the original 
afterbody configuration with the modified 15 degree afterbody design. The 
center engine installation is shown; the wing engine instsQ.lation is similar. 
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Flight tests with the 15 de^ee engine-, afterbodies showed a 3.1i- percent 
improvement in fuel constmiption out to a Mach mimber of 0.83. At higher Mach 
numbers even more signific^t savings were indicated caused by a; delay in the 
drag rise characteristics. Figure 21 shows these trends with Mach number. 

This modification has been sold to some of the, current L-lOll operators 
and it is planned as standard production on new aircraft in the near future,: 

In calculating the operating cost for this section of the study, $5000 was 
assumed to be added per airplane with the additional cost being incorporated 
into the engine price. 

Tables 23 through 26 present the fuel consumption and operating cost data 
for the L-1011 incorporating 15 degree engine afterbodies. The presentation 
is as shown in the previous section, including the use of the long-range d -imb 
and Mach 0.82 cruise i The data of Tables 23 through 26 include only the 
in5)roveraent due to the 15 degree engine afterbody and do not include the addi- 
tional potential of the internal engine improvements discussed above. 

3.3 Increased Seating Density 

A study of the potential for fuel saving through increased seating density 
in the basic L-1011-1 was accomplished. Under the study ground rules with a 
10/90 split, 8 ahreast seating configuration, the L-1011 carries 276 seats. 

The airplane has been certificated for as many as hOO passengers as exemplified 
by the Court Line delivery configuration shown in Figure 22. This configura- 
tion requires that two additional Type A entry doors be incorporated in place 
of the smaller standard Type 1 doors at the two aft fuselage locations. Attain- 
ing this high seating capacity also involves 10 abreast seating with a tight 
seat pitch of 30 inches, ’{fliile this configuration would probably not be accept- 
able to domestic operators., it gives an indication of the upper limits of 
increased density in the L-lOll fuselage size. 

The potential for fuel savings with the increased seating density approach 
lies in the additional seats flown for each unit of fuel. This provides sav- 
ings in operating cost . Figure 23 shows that in a typical 2000-nautical mile 
L-1011 mission, very large fuel savings can be attained with increased seating. 
However, to retain consistency in the study an improvement of eight percent 
was calculated as being the attainable fuel savings while still complying xj’ith 
the seating-mix of the study. The eight percent savings could be accomplished, 
for example, by incorporating below deck seating for sixteen additional pas- 
sengers. This change, which involves modifications to the airframe and 
eliminates the cargo capacity of the forward compartment, has been certified 
for L-1011 commercial service. The below deck capability of the wide-bodied 
fuselage offers the means for increasing passenger capacity without compromis- 
ing main deck comfort levels. Additional savings in seat-miles per gallon 
could be attained by relaxing the study ground rules in terms of seat pitch 
and/or first class/tourist mix. 


■While seating density can have a dramatic effect on the seat-iaile per 
gallon, figure attaina'ble, the practicality of this approach heeds to he 
assessed* Definite fuel savings could he identified hy substitution of high 
density aircraft on a study route structure hut flying these same aircraft in 
an actual airline operation -with a fixed number of passengers offers no real 
savings;. With, increased demands this option offers very real benefits 3 ahd, 
in addition, it is an aircraft modification that can he accomplished in a short 
time period for minimum cost by the airline operator. Identification of "ffhere 
and •when this particular fuel: saving modification mi^t he incorporated "was 
deferred to the air transportation system analysis studies . 

3.4 Less Sophisticated High-Lift Devices 

Elimination cf portions of the high lift system of the basic L-1011 was 
considered in this task. The purpose was to decrease operating empty weight 
which, as sho'wu in Section 1, Task 1, can lead to significant fuel savings. 
Company funded “wind tunnel tests were used to verify whether the flaps- 
deleted configurations . were compatible with the lift and stahility require- 
ments of the airplane . it was concluded from the test results that the 
leading edge slats contribute a large portion of the maximum lift capability 
of the L-1011 \7ing and that deletion of any of the segjaents leads to an 
unaecepta'ble degradation of this capability. A rapid drag increase occurs 
as the leading edge flow separates with slat deletion and this leads to an 
unacceptable alteration of the lift coefficient/angle-of -attack characteristics. 
Thus, while offering fuel sa'vings through empty weight reductions, the possibil- 
ity of deletion of leading edge slats oh the L-1011 -Was- removed from further 
consideration. 

Elimination of trailing edge flap segments was also considered. With the 
larger component weights involved, it was considered that this modification 
might have potential payoff. Tests wer*; conducted -with the outboard trailing 
edge flaps retracted. The penalty in maxiinum lift capability was much smaller 
than the cases, ■where the leading edge segments were deleted. The tes’bs show 
that a reduction in the airplane's static stability is esqperienced, up to a 
nine percent reduction at full flap extension. This, however, was not con- 
sidered to be an insurmountable problem. 

The fuel savings , due to the deletion of the outboard trailing edge flaps , 
were -then assessed relative to the cost of modification. The total reduction 
in empty weight amounts to 23T2 pounds or ap^.'.'Oximately one percent. This 
translates to a 0.3 to 0.5 percen-b reduction in block fuel dependent on the 
mission range considered. This small reduction in block fuel could not 
be justified, however, on the basis of cost. Extensive flight testing to 
recertify the L-1011 in ail flap deflected configurations would be required. 

A qualitative judgment, weighing the certification costs and time involved 
against the potential fuel and operating cost reduction, led to the elimination 
of this option. Further consideration might be justified in a new fuel con- 
servative airplane design but as a modification this option was not effective. 
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3,5 Wing Leading Edge Modifications 

The results of the wind tunnel tests discussed in Section 3. U indicated 
that the present L-1011 leading edge slats are//equired to uiaintain suitable 
stability and perf ormance . The incorporati<M/of leading edge gloves which 
would effectively modify the wing air foi3^s^t ions leading to possible operating 
efficiencies was therefore considered ts^e impractical. The cost of a glove 
which incorporated the slat systeiajWcJ^ld eliminate any possible benefits to be 
gained, in fuel economy. 

■ 3.6 Drag Cleanup 

Consideratipar"^ the wi.^,; leading edge modifications discussed in the above 
paragraphslecT^o a study of the effectiveness of the leading edge slats as 
installaSTm the production airplane. Slight tests have confirmed that a small 
,.j!acrunt of leakage is present between the lower and upper wing surfaces in the 
"area of the leading edge slats. Improved inboard slat hold-downs and improved 
lower surface trailing edge slat seals have been tested end provide an improve- 
ment of 0.5 percent in the L-lQll cruise, performance. 

3.T Summary of Data 

At the conclusion of this study task, the following modifications were 
recommended for incorporation into the L-1011 fleet: 15 engine afterbodies, 

drag cleanup, extended wing tips, and internal propulsion improvements . The 
fuel savings identified for each of these modifications are summarized in 
Figure 24. The savings to be expected for the three time periods, 19T5, 19T8, 
and 1985 , are indicated. 

NASA designated McDonnell Douglas as the contractor responsible for sum- 
inarizing tbe fuel savings and cost information for the modification options to 
be used by UTRC in the air transportation system analysis studies. In the UTRC 
study, the L-1011 and DC-10 were combined in the three-engined wide body class. 
Since the modifications to the DC-10 resulted in fuel savings approximately 
equal to those identified for the L-1011, the figure of T* 5 percent as indicated 
in Figure 24 was adopted for the UTRC st^ldies . 
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WING LETS 


.6. — L-1011 wing tip wind tunnel model 








Figure I 7 . — L-1011 wing modification wind tunnel data comparison 
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Figure 19* — Potential improvements to existing engines, L-1011/EB.211 



Figure 20. — RB.211 engine afterbody revision, L-1011 
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Figure 21,— RB.211 engine afterbody revision fuel savings, L-1011 
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Figure 23 .- Effect of passenger/seating density on fuel economy, L-1011 



Figure 24. - L-1011 modifications fuel savings summary 


TABLE 19 .- CALCULATED FUEL CONSUMPTION - 

L-1011 WITH WING TIP EXTENSIONS 


Stage Length 
n*ml. 

Block Fuel Consumption 

lb 

gal 
n.mi . 

seat-n.mi. 

gal 


100. 

4 962 

7.30 

37.40 

3381 

200 

8 671 

6.38 

42.82 

2954 

400 

15 klk 

5.69 

47.98 

2636 

600 

22 235 

5 . k5 

50.09 

2525 

1000 

35 008 

5.15 

53.03 

2385 

2000 

65 373 

lv.8l 

56.79 

2227 

3000 

96 !i21 

I+.73 

57.75 

219c 

3700 

120 000 

4.77 

57.24 

2210 

825 

29 U53 

5.25 

52.00 

2430 


TABLE 20.- CALCULATED TOTAL OPERATING COSTS - 
L-1011 WITH WING TIP EXTENSIONS 


Stage Length 

n » I7LX ■ 

Block 

Speed 

kt 

Total DOC 

Total IOC 

$/-bIk-hr 

^/seat-n.mi. 

$/Llk-hr 

(^/seat-n,mi. 

iOO 

233 

1745 

2.75 

5322 

8.38 

200 

296 

1630 

2.03 

3670 

4.57 

400 

349 

1497 

1.58 

2500 

2.63 

600 

376 

1437 

l.4o 

1959 

1.91 

1000 

402 

1387 

1.27 

1522 

1.39 

2000 

436 

1346 

1.13 


0.98 

3000 

451 

1336 

1.09 

■ini 

0.85 

3700 

456 

1342 

1.08 

1050 

0.84 

825 

392 

i 405 

1.33 

1675 

1.56 


6U 















































































































































































































TABLE 25 . - 


DIRECT OPERATING COST BREAICDOWN 
L-1011 W/15® ENGINE AFTERBODIES 




































IOC 

Component 


Stage 


TABLE 2b-- INDIEECT OPERATING COST BEEAKDOM 
L-1011 Vr/15° engine AFTERBODIES 


IOC ^/seat«n.mi. 


Length (n.mi.) 100 200 400 600 1000 2000 3000 4270 


System Expense 


Local Expense 


A/C Control Expense 


Hostess Expense 


Food and Beverage 


Passenger Service 


Cargo Handling 


Other Passenger Expense 


Other Cargo Expense 


General and Administration 0,53 


Total IOC 


0-15 0*11 0-06 O.OU 0-04 0.03 0.03 0.02 0.04 


2.32 




5 0.02 0.01 


0.29 0.25 


0.28 0.24 


0.22 0.22 


0.01 0.01 






o 

0.15 

1 

o . i 6 

0.15 

0.31 

0. l 6 

0.15 

0.08 

0. 22 

0.22 

0.01 

0.01 

0.11 

0.09 

1.4 o 

1.00 



4270 

825 

0.02 

0.04 

0.07 

0.28 

0.01 

0.01 

0.15 

0.17 

! 

0-14 

o . i 6 

0.09 

0.38 



8.49 4.48 2.6 o 1.93 1.4 o 1.00 0.85 0.84 1.57 

























































































4 . TRISTAR AHD ELECTRA FUEL SAVING DERIVATIVES - TASK 4 


This section reports compliance with NASA Specification No. 2-24968, State- 
ment of Work Study Task 1.4. 1.4 dated June 3, 19T4, regarding analysis of fuel 
conservation potential of Lockheed exi sting-product ion aircraft derivatives 
suitable for fleet operating service prior to 198 O. The noted NASA Specification, 
in effect, specifies analysis of derivatives of the Loclcheed L-1011-1 and L-I 88 
Electra aircraft . The Lockheed L-1011-1 is currently in production and will so 
continue for some time to comej however, the Lockheed L-I 88 Electra is no longer 
in production. Because the P-3C, the military version of the L-I 88 Electra is 
still in production, it is reasonable to assume that a new derivative L-I 88 
could be produced off the same production line; therefore, a basic P-3C conver- 
sion for commercial use was considered which incorporates an interior arrange- 
ment and passenger capacity equivalent to the original L-188. 


For the purpose of this study, a derivative aircraft is defined as a modi- 
fied basic production aircraft whose modifications are cost effective and are 
such that they are not sriitable for incorporation as a retrofit for delivered 
aircraft; i.e., the modifications are suitable only for new production aircraft. 
Aircraft modifications such as redesigned wings, incorporation of growth engines, 
and stretched or reduced fuselage lengths were investigated. 


It was found that a redesigned wing, supercritical or otherwise, was not 
cost effective nor compatible with the pre-1980 initial operating capability 
requirement for any of the Lockheed airplanes . It was determined that their 
derivatives incorporating reduced or increased passenger-carrying capacities 
T-rere plausible candidates for aiding air transportation system fuel conservation. 


The following pages present the outcome of the Lockheed analyses 
the following derivative aircraft configurations: 


1. 

L-lOll Long Body 

466 000 pounds TOGW 

407 

2. 

L-lOll Short Body 

325 000 pounds TOGW 

200 

3. 

P-3 Commercial 

L-188 Fuselage Length 

85 

4. 

P-3 Commercial 

Stretched Fuselage 

105 


involving 

Pax 

Pax 

Pax 

Pax 


Each derivative aircraft is summarily defined and four idealized calculated 
data tables for each present the fuel consumption and operating cost information. 
These four tables for each derivative aircraft have been developed using the 
applicable adopted study ground rules and methods as noted in study Task 1 for 
the baseline aircraft data development . These data are tabulated for a series 
of stage lengths including the estimated 1973 CAB average stage length. Fuel 
consumption is sho\m in terms of total block fuel and on both an airplane- 
nautical mile and a seat-nautical mile basis in the first table. The seat- 
nautical mile fuel consumption is shown in units of seat-nautical miles per 
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gallon and Btu*s per seat-nautical mile . Total direct and total indirect 
operating costs are tabulated in the second table while the detailed breakdowns 
of these costs are shown in the following two tables. All of the cost data are 
presented in units of cents per available seat-nautical mile. In addition, the 
total cost data is presented in the second table in terms of dollars per block 
hour with the corresponding block speed at each stage length indicated in an 
adj acent column . 


4.1 L-1011 Long Body Derivative 

Lockheed conducted extensive detailed design studies on stretched fuselage 
versions of the L-lOU TriStar aircraft during 1973 and 1974. One family of 
stretched versions incorporated a basic stretch of 360 inches with an airplane 
TOGW limit of 466 000 pounds . Propulsion options included three different Holls 
Boyce high-bypass ratio turbofan. engines of 42 000, 43 500, and 48 000 pounds 
sea level static thrust each. Passenger capacities ranged from 407 to 500. 

One of these L-1011 derivatives was selected for evaluation in this study. 

The Ir-lOll Long Body derivative considered in this study incorporates the 
addition of constant diameter barrel sections in the fuselage fore and aft of 
the wing. The engines are changed from the Rolls Royce BB.211-22B to the RB.211- 
524. Extending the fuselage increases the passenger capacity from 273 to 407. 

The aircraft takeoff gross weight is increased from 430 000 pounds to 466 000 
pounds. The 'tring incidence is increased by 2° - 40' to maintain the same after- 
body rotation ground clearance (main landing gear imchanged). 

T3ie L-lOll Long Body aircraft general arrangement is shown in Figure 25. 
Figure 26 Indicates how the basic L-1011-1 airplane is stretched for the long 
body derivative. Table 27 is a summary of the aircraft characteristics. Table 
28 and Figure 27 describe the aircraft interior arrangement . Table 29 presents 
a comparison of engine characteristics between the engines installed in the basic 
L-1011-1 aircraft and the engines installed in the long body derivative aircraft. 

The operational equipment installed wei^t breakdown and the aircraft weight 
summaiy for the L-1011 Long Botiy derivative aircraft are presented in Tables 30 
and 31, respectively. 

The airplane direct operating costs (DOC's) are calculated for two pricing 
concepts for the derivative aircraft. One concept assumes that the aircraft are 
modified before the breakeven production quantity is reached and that the prorata 
share of the original basic model development cost is included in the airplane 
price along with the additional development cost for the modification. The 
other concept assumes that introduction of the derivative takes place after the 
250 breakeven quantity and that the original basic model development cost is 
eliminated. The latter case is the most probable when considering the number of 
L-1011 's produced to date and the scheduled time for derivative initial operating 
capability. The cost for the airplanes and spares are shoT. 1 below. 
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Lons Body L-1011 - Original R&D included 


Airframe 

Engine 

TOTAL 


Production Cost 
$21 277 225 
U itOO 000 


$25 677 225 


Spares 
$3 191 583 
660 000 
$3 851 583 


Long Body L-lOll - Original R&D 
Airframe 
Engine 

TOTAL 


excluded (Baiiis used for DOC caicxiLations) 


$18 858 kll 
4 400 000 
$23 258 417 


$2 828 762 
660 000 
$3 488 762 


Table 32 presents the L-1011 Long Body derivative airplane total block fuel 
eonsujaption for various stage lengths . Table 33 presents airplane total operating 
eosts and block speeds for various stage lengths. Tables 34 and 35 are tabula- 
tions of the detailed cost increments which comprise the airplane total direct 
operating costs and total indirect operating costs in terms of cents per seat- 
nautical mile for the various stage lengths. 

4.2 L-1011 Short Body Derivative 

The initial basic engineering and economic data for this version of the 
TriStar were developed under Lockheed 1974 IRAD studies and adapted to this study. 
The results of the 1974 IRAD work are documented in Lockheed Report LR 27019 ? 
dated 10 January 1975s entitled L-1011 Short Range Derivative Study - 1974s 
(Lockheed Private Data). This IRAD study investigated two and three-engined 
shortened- fuselage derivatives of the L-1011-1 designed for the same short range 
mission. The basic aircraft design requirements utilized are shown in Table 36 , 

A three-engined short-bodied L-1011 aircraft version was developed which utilized 
the Rolls Royce RB.211-22B engine operating at a 7 percent lower thrust level 
than the engines of the basic L-1011 configuration for purposes of improved 
operating ecororny. A twin-engined short-bodied L-1011 aircraft version was 
developed which utilized the Rolls Royce RB, 211-524 engine. 

The results of a comparison of the two and three-engined L-1011 derivatives 
in terms of economics ended in a stalemate; i.e., they were economically equival- 
ent aircraft in terms of DOC on a cost /seat-nautical imile basis over a 500 
nautical mile range. However, the takeoff performance of the three-engined ver- 
sion was clearly superior, providing generous takeoff margins which in turn gave 
more desirable hot day, high altitude airport capabilities for operational 
flexibility. The twin-ei .gined version, using the full thrust rating of the 
RB. 211-524 engines, did not meet the field length requirement even though its 
maximmn TOGW was significantly less than that of tht: tri-jet. 


Table 3T presents a listing of tbe changes in the basic L-1011-1 aircraft 
req.uired to obtain the L-1011 three-engined short-bodied derivative selected for 
evaluation in this study. The resulting short-bodied Ii-lOll aircraft basic 
weights are also noted. Figure 28 presents the general arrangement of the short 
body airplane and indicates the overall length comparison with the baseline 
L-1011-1 TriStar. Figure 29 presents the short body airplane passenger acoommo- 
dations and cabin interior arrangement. 

As noted in the previous section regarding airplane direct operating cost 
calculations for the Long Body L-1011; the DOC calculations for the Short Body 
L-lOll aircraft were also performed using tiTO pricing concepts , one which 
includes costs of basic model R&D Cbefore breakeven), and one which excludes 
costs of basic model E&D (after breakeven). The latter pricing concept is 
likely to prevail in view of the Short Body derivative schedule for initial 
operating capability. The cost of the airplanes and spares under each of the 
pricing concepts follows: 

Short Body L-1011 - Original RSgD included 


Airframe 

Engine 

TOTAL 


Aircraft 

$li+ 865 567 
h 05U 

$13 920 000 


Spares 

$2 229 835 
608 165 
$2 838 000 


Sbnrt Body L-1011 - Original R&D excluded (Basis used for DOC calculations ) 
Airframe $12 446 759 $1 876 013 

Engine 4 054 433 6o8 l64 

TOTAL $16 501 192 $2 475 177 


Table 38 presents the L-1011 Short Body derivative aircraft total block 
fuel consumption for various stage lengths. Table 39 presents airplane total 
operating costs and block speeds for various stage lengths. Tables 4o and 4l 
are tabulations of the detailed cost increments which comprise the airplane 
total direct operating costs and total indirect operating costs in terms of 
cents per seat-nautical mile for the various stage lengths. 

4.3 F-3 Commercial-85 Pax and I05 Pax 


The U.S. Ravy land-based antisubmarine patrol P-3 aircraft was derived from 
the Lockheed L-I88 Electra turboprop commercial- airplane whose various interior 
arrangements accommodated 85 to 97 passengers . The Electra basic fuselage length 
was reduced by 88 inches forward of the wing for the conversion to the P-3. 

The ctirrent production P-3 ASW aircraft is designated P-3C. Figure 30 depicts 
the general arrangement of the P-3C aircraft. 
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This portion of the derivative aircraft analysis effort, xmder study Task k 
investigates the conversion of the P- 3 C airplane into a cojmnercial transport. 

The major premise is that the conversion will he accomplished with minimum modi-* 
fi cation. The modifications and other cost factors used in the derivation of 
the direct and indirect e^jpenses are outlined in the following. T^^o conversions 
are considered: l) converting the P- 3 C hack to the original L^l 88 configuration, 

and 2 ) stretching the fuselage to increase the capacity from 85 passengers to 
105 passengers . 

Deletions and additions to P- 3 C airframe 
• Deletions 

« Wiring to hoinh hay, aTionics wing stores, and aimament 

» Sonohuoy chutes 

i MAJD boom 

• Flight station ejcit 

• ASW avionics racks and equipment 

m Window for periscope sextant 

« Water injection system 

• ASW antennas. 

« Additions 

o 88 inch fuselage plug forward of the wing for 85 passenger 

configuration, and an additional plug for IO5 passenger configu>- 
ration also forward of the wing. 

o Passenger door and self-contained stairs 

o Passenger windows 

dD Passenger accommodations 

« Convert bomb hay into baggage hold 




Move electrical load center. 


A q.uantity of 100 vehicles is ass-umed for the amortization of the R&D. The 
costs for the vehicles and spares are: 

PRODUCTIOH COSTS C$-MIIiLI0NS ) 

Aircraft ; 85 Pass. Config. 105 Pass. Config. 


Airframe 

4,19 

4.90 

Engine 

1.10 

1.10 

TOTAL 

5.29 

6.00 

Airframe 

0.629 

0.735 

Engine 

0.165 

0.165 

TOTAL 

0.794 

0.900 


The airframe and engine costs are high because of the additional items and 
wtiight that are required for the ASW airframe. If these items and ■weight (bomb 
bay, etc.) are removed, the nonrecurring cost becomes high and the cost of their 
removal, ■would cost as much per airplane as the additional ■weight -would cost 
because of the low production quantity. The direct and indirect operating costs 
are tabulated in Tables k2 and h3* The block speed and fuel consumption data is 
shown on Figures 31 through 3h. 

The data shown by Figures 31 through 34 and data noted in Tables 42 and 43 
were originally presented in LR 26986-5 Interim Study Report dated May 1975* 

This information has been extended to increased stage lengths and restructured 
in form to agree with the data format used in the other parts of this report . 
These new data are included as Tables 44 throxigh 47 for the 85 passenger P-3 
Commercial airplane, and Tables 48 through 51 included for the 105 passenger 
P-3 Conimercial airplane. 

The commercial P-3 performs well in terms of fuel consumption but is high 
in DOC due to the high purchase cost in terms of passengers carried. 
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Figure 27- — L -1011 long body derivative incerior arrangement 
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Figure 29- — L-1011 short body derivative interior arrangement 
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Figure 31.— Block speed vs range - commercial P-3 85 and 105 
passenger configurations 
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TABLE 27.- L-1011 LONG BODY DERIVATIVE CHARACTERISTICS SUMMARY 

. L-1011- 300 
. IB.. 211-52 H ENGINE 


Configuratxon 


Engine Thrust SLSj 84 °F 

48 000 

Design Weights 


: Takeoff: 

466 000 

Landing 

393 000 

Max. Zero Fuel 

363 000 

Operating Empty 

274 984 

Wfc, Limit Payload 

88 016 

Space Limit Payload* 

90 170 

Pass. - Cargo Accommodations 


Number of Passengers 

407 

Galley Location 

Lower 

LD-3 Containers 

i4 

Performance 


Range, Full Pass, -f- Bag. - n.mi.* 

1850 

TOFL, SL Std. + 13.9 °G - ft 

8450 

LFL at Design Landing Wt. - ft 

6070 



*BaEed on 150 Ib/passenger + baggage and cargo 

at 10 Ib/cu ft 


TABLE 28.- L-1011 LONG BODY DERIVATIVE INTERIOR ARRANGEMENT 

L-1011-300 


Galley Location 
Y Seating (ALreast) 
FC Seating (ALreast) 
Food Service 
Passenger (Total) 

FC 

Y 

Lower Deck 
Seat Pitch 

FC 

Y 

Lower Deck 
Config. Number 


10/90 

FC/Econoiny 

Lower 

9 

6 

1 Meal 

itOT 

46 

317 

44 

38 

33/34 

33/34 

360-2 










TABLE 29 . - EITGIHE CHARACTERISTICS COMPARISON - L-lOH-300 


Rolls-Royce Engine 


Sea LeYel Static Thrust 

Takeoff Flat Bating Temperature 

Maximum Cruise Thrust 

Maximum Cruise Thrust Rating 
Temperature 

Core Engine Afteitody 


RB.211-22B 


42 000 lb 
F, 
lb 
F 


RB.211-524 


48 000 lb 
84 <^F 
10 980 lb 


TABLE 30 . - OPERATIONAL EOLIPMEIIT WEIGHT BREAKDOWN - L-1011-300 



Config. 

360-2 

Emergency Equipment 

1283 

Lavatory Chemical 

342 

Unusable Oil 

126 

Engine Oil 

120 

Flight Grew 8 = Baggage 3 @ I 90 

■ 570 

Cabin Crew & Baggage 10 @ I 50 

1500 

Flight Kits 

75 

Passenger Service items 

ii4q. 

Food and Beverage (incl. Trays) 

2624 

Beverage Carts (3) 

273 

Water (Drinking & Washing) 

833 

Cargo Containers 

3240 

Total (lb) 

12 126 









TABLE 31*- L-1011 LOUG BODY BERr\^ATIVE WEIGHT SU^^MAHY - 
L^lOli-300 


L-lOH-1 


Design Weights (430/U40K). 

Design Weights (H66/WQK). 

Fuselage Barrel Structure (30 Foot E:rtension) 

Structural Changes ( Wiiig Inhiaence. ) 

Fuselage Structure Betu'een Plugs 

Passenger Door Main Cahin (Type A ILO Type 2) 

Propulsion (Uoise Suppression) 

BeloTf Deck Passenger Compartment 

Delete, BeloTf Deck Galley 

Main Cahin Interior (30 Foot Extension) 

Systems (30 Foot Extension)^ 

Mid Cargo Compartment (Class C iLO Class; D) 

Forward Cargo Compartment 
(Delete C-*l Cargo Door) 


Conf ig - 

360-2 
224 80T 


MEW L-1011-300 (30“Foot Extension) 


Utmsatle Fuel 


Operating Eq.uipment 


OEW E-1011-30Q (30-Foot Extension)^ 
Space Limit Payload”^ 


Weight Liniii Payload 


236 903 


90 ITO 


«^BB211-22F Engines, add 1001 Ih for RB211-52U engines 
^^Space limit payload =*150 Ih/Pa3t + "baggage and cargo at 10 Ib/ft^ 








ABLE 32.- CALCULATED FUEL CONSUMPTION - L-1011 LONG BODY -524 ENGINES 


Stage LengtL. 
n.mi. 


100 


200 


1^00 

600 

1000 

2000 


3000 


3275 


1170 


It 

h 

911 

S 

840 

2-6 

599 

24 

064 

38 

306 

T5 

138 

„ 113 

935 

125 

500 


Block Fuel Consumption 


gal seat-n.mi 


gal 


56.37 


61.62 


66,69 


69.00 


73.67 


72.87 


71*81 


73.00 


5.52 


5.59 


5 .62 


5.57 


Btu 


sea,t-n.inx. 


TABLE 33.- CALCULATED TOTAL OPERATING COSTS - L-1011 LONG BODY -524 ENGINES 


Total IOC 


S/Blk-hr I li/ seat-n.mi 


Tota: 

L DOC 

^/Blk-hr 

i ' . ' ■ ' ' 

^/seat-n.mi. 


1569 


1535 


1531 


1532 


1560 




0,9^ 


0.86 


0.83 


. 0 .83 


0.92 


3320 


26U1 


209U 


1620 


iU49 


lU20 


2000 












































































Insttrance 0.08 


Depreciation 0,55 


Maintenance 1.02 


Fuel (15^/gal) ; 0.27 


Total DOC 2.25 


0.07 

0.06 ; 

: 0.05 

: 0.04 

o . 4i 

0.36 

0.30 

• 0.28 

I 

I 

0.30 

0.24 

0.25 

0.23 

0 .22 

0.21 


1.57 ■ 1.24 1.06 0.94 


; 0.04 . ; 

0.04 

o . o4 

o . o4 

0.26 

0.25 

■ 0 .25 

0.27 

0.20 

0.18 

0.18 

0.23 

0.-21 

0.21 

■ 0.21 ; 

0.21 


0.86 0.83 0.83 0.92 


























































Local Expense 

1.6& 

A/C Control Ejcpense 

0 .05 

Hostess Ejcpense 


Food, and Beverage 

0.31 


• Passenger Service 

3.i4 

Cargo Handling 

1.24 

Other Passenger Expense 

0.21 

Other Cargo Expense 

0.01 

-General and; Administration 


Total IOC . ; 

7-51 


roc sS/seat-n.mi. 


600 

1000 

2000 

3000 

: 3275 

1170 

0.03 

0.03 

0.02 

0.02 

■ 0 .02 

0.03 

0.28 

:: 0.17 

0.08 

0.06 

0.05 

0.15 

0 .01 

0.01 

0.01 

0.01 

0.01 

0 .01 


: 0.15 , 

■ 0.l4 

0.l4 

0.13 . 

0.15 

O.IT 

0.l6 ; 

0.15 

0.l4 

: 0.13 

0.i6 

: 0.52 

0.31 

JBmt 

■ 0.11 - 

■ 0.10 

0.27 

IB 

0.12 

0.06 

o.oif ; 

o.o4 ' 

■ 0.10 

0.21 

0.21 

; 0.21 

0.21 

0.21 

0.21 

0.01 

0.01 

0.01 

0.01 

: 0.01 

^ . 0 .01 

; ' 0 .12 

0.10 

. O.OT 

0.07 : 

^ 0.07 

0.09 

1.73 

1.26 . 

0.91 

0.79 ;i 

0.77 1 

l.l8 



























































































TABLE 3&.- /SUMMARY - SHORT RANGE L-lOll DESIGN REQUIREMENTS - 19T4 

Characteristios 

• , 200 Pax, 2OF/18OY (L-1011-1 Cohort Standards) 

« 5000 lb Maximum, Cargo Capacity 

• Mnimum Service Above Deck Galley (One Meal Capacity) 

• Seat Dimensions — Equivalent to L^lQll-1 for 8 and 9 Abreast Seatii^ 

• Self Sufficiency - L-1011-1 Mnus 10 % GBE Value per Station 

• Community Noise — FAR 36 Minus 8 EPNdB Takeoff and Minus 5 EPNdB 
Approach. 

• Fly-Thru-Capahility — 1000 n.mi. Range at Full Pax Load after First 
Stop (Objective) 

Performance 

• Optimum Cruise Speed — 0.78 Mach 

• Field Length — 7OOO ft at S.L.. and 8t °F for Full Payload Rshge 
Mission. A Range of 500 n.mi. Achievable -with a TOFL of 6OOO ft 

• Range with Full Pax Load Plus 5000 lb Cargo — 1500 n.mi. 

(Domestic Reserves) 

• Fuel Efficiency — Equivalent to L-1011 (200 Pax) Minus 10^ in 
Pounds/Seat-Hautical Mile at 500 n.mi. Range 

Economics 

• Airplane DOC Maximum — 80^ of L-1011-1 at 5OO n.mi. (Objective 75^) 

• Seat-Nautical Mile DOC — Equal to L-1011-1 at 500 n. mi. (Mixed 
Glass and All-Coach Seating Standards) 

• Fly-Away Price — In Proportion to L^lOll-1 Fly-Away Price to Meet 
DOC Ratios as Above and Allow Program Profitability Based on a 
Low Risk Market of Approximately 325 Airplanes 

Availability 

• FAA Certification ^ First Quarter 1979 

Suggested Design Limitation 

• Simplified 2 and 3 Engine L-lOll-1 Versions (Low Development Cost) 






■EABLE 37.- L-1011-1 AIECRAET MODIFICATIONS 

BEQUIEED FOR SHORT BODY DERIVATIVE 

(L-lOll-Short Range Derivative Study - 197^) 


Ir-lOll-SR Definition 

Selected Candidate Changes to the. Basic L-lOll-1 Airplane 'I'Jhich Define the 
Short Range Derivative Aircraft. 


a Minimum Modification 

a 3 RB.211-22B Engines, 
Derated 


a Remove 1 ECS Pack and Associated 
Ducting 

a Remove Aft Cargo System 


Shorten Fuselage 260 in. 

150 in. from Fwd End of See 3 


c Redesign MLG Fairing - Fvrd of FS90I 

-. Aft of ,FSll;55 


UO in. from Aft End of Sec 5 » Remove Outhoard Flaps, Outhoard 


70 in. from Fwd End of Sec 6 

a Remove PU, Galley and C2 Doors 

a Remove Below Deck Gadley, Lifts 
and Provisions 


a Remove 1 Aft Lavatory and 
Associated Systems 


Spoilers and Associated Systems - 
Replace with Fixed Structure 

a Reduce Wing Skin and Stringer Gages 

a Reduce Horiaontal Stabilizer Skin 
Plank Gages 



The PoUo\ring Aircraft Weights are for the L-1011 Short Bo^ Aircraft 


TOGW 
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TABLE 38.- CALCULATED FUEL CONSUMPTIOK - L-1011 SHORT BODY 



Block Fuel Consumption 


gal 



U 518 


T 858 


lU 340 


20 332 


31 430 


45 574 


59 128 


76 612 


20 332 


6.64 


5.78 

5.27 

4.98 


4.62 


4.47 


4.35 


4.33 


4.98 


seat-n.mi. 


gal 


30.12 


34.60 


37.95 


4o.i6 


43.29 


44.74 


45.98 


46.19 


4o.l6 



4199 


3655 


3333 


3149 


2922 


2827 


2751 


2738 


3149 


TABLE 39 .- CALCULATED TOTAL OPERATIHG COSTS - L-lOll SHORT BODY 


Block 


Total DOC 


Stage Lengtn 
n.mi. 




^^kt^ $/‘blk-hr <i/seat-n.mi , 


1565 


1460 


1328 


1268 


1225 


1202 


1189 


1180 


1268 


2 . 


1.86 


1.67 


1.48 


1.39 


1.34 


1.32 


1.67 


Total IOC 


$/blk-hr (^/seat-n.mi. 


4154 


2720 


1910 


1531 2.02 


1197 1.45 


1008 1.17 


905 1.02 


830 0.93 


1531 2.02 




























































































100 


0.52 


0.11 


O.Tl 


1.52 

0.51 


3.37 


DOC ^/seat-n.mi. 


200 



1000 

1500 

2000 

1 2600 

600 

0.U2 

0.36 

0.32 

0.29 

0.28 

0.28 

0.27 

0.32 

0.10 

0.08 

O.OT 

o.o6 

o.o6 

o.o6 

0.06 

0.07 

0.58 

0.45 

O.U3 

0.4o 

0.38 

0.37 

0.37 

0.43 

0.90 

0.55 

0.47 

0.38 

0.33 

0.31 

0.29 

0.47 

0.1;8 

0.U2 

0.38 

0.35 

0.34 

0.33 

1 0.33 

i 

0.38 

2 M I 

i 

1.86 . 

1.67 



1.34 


1.67 
































































TABLE Ul. - INDIRECT OPERATING COST BREAKDOWN 
L-1011 SHORT BODY 


■ 


Stage 
Length (n.mi.) 


System Expense 


Local Expense 


A/C Control Expense 


Hostess Expense 


Food and Beverage 


Passenger Service 


Cargo Handling 


Other Passenger Expense 


Other Cargo Expense 


General and Administration 


Total IOC 




IOC (p/seat-n.mi 

600 1000 1 


0.04 0.03 


0.24 


0.01 


O.IT 


0.l6 


0.32 


0.29 0.18 


o.i6 

0.12 

0.01 

0.01 

0.l6 

0.15 

o.i6 

0.15 

0.21 

o.i6 

1 

0 • XX 

0.09 



0.22 

0.22 

0.01 

0.01 




2600 

600 

0.03 

0.05 

0.09 

0.40 

0.01 

0.02 

0.15 

0.18 

0.15 

0.18 

0.12 

0.52 

O.OT 

0.29 

0.22 

0.22 



0.09 

0.16 

0.93 . 

2.02 
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TABLE 42. - 85-PASSBWGER COMMERCIAL P-3 


DOC $/blk-llr 


Range (n.mi.) 

1T4 

261 

Crew 

235 

235 

Fuel 

103 

103 

Insurance 

20 

20 

Depreciation 

l4l 

l40 

Maintenance 

3T1 

321 

Total 

870 

819 


System Expense 
Local Expense 
A/C Control 
Hostess Expense 
Pood & Beverage 
Passenger Service 
Cargo Handling 
Other Pass. Exp. 
Other Cargo Exp. 
Gen . & Admin . 
Total 


IOC $/hlk-hr 

48 

4l 

220 

166 

25 

19 

68 

68 

55 

55 

338 

257 

44 

34 

4o 

46 

0.4 

0.5 

32 

71 

920 

758 


3T 

131^ 

15 

68 

55 

205 

2T 

hg 

0.5 

65 


656 


35 

112 

13 

68 

55 

172 

22 

51 

0.6 

61 


590 


33 

96 

11 

68 

55 

148 

19 

53 

0.6 

57 


54i 
























DOC $/l3lk-hr 


Range (n.mi.) 

IT 4 

1 

261 

304 

435 

522 

Crew 

235 

235 

235 

235 

235 

Fuel 

109 

109 

lOT 

lOT 

109 

Insurance 

22 

22 

22 

22 

22 

Depreciation 

152 

152 

152 

152 

152 

Maintenace 

385 

334 

318 

281 

266 

Total 

903 

852 

I 

834 

797 

784 


IOC ^/tlk-hr 


System Expense 

49 

h 3 

4l 

Local Expense 

236 

119 

162 

A/C Control 

25 

19 

17 

Hostess Expense 

68 

68 

68 

Food & Beverage 

68 

68 

68 

Passenger Service 

417 

317 

287 

Cargo Handling 

48 

37 

33 

Other Pass, Exp. 

50 

56 

59 

Other Cargo Exp. 

0.4 

0.5 

0.5 

Gen. & Admin 

90 

78 

74 


36 

120 

13 

63 

68 

213 

2 k 

63 

0.6 


34 
10 4 
11 
68 
68 
183 
21 
65 
0.6 
62 
6it 


Total 


1051 


866 


810 


65 

6T1 

















TABLE U4.- CALCULATED FUEL COHSUMPTION - P-3 COMMERCIAL 85 PAX 


Stage Length 
n.ml. 



lb 

2 

500 

3 

800 

6 

500 

9 

000 

14 

000 

20 

300 

26 

800 

30 

500 

5 

182 


Block Fuel Consumption 


seat-n .mi 


gal 


23.10 


30.1+7 


2.39 35-56 


2.21 38.1+6 


2.06 1+1.26 




33.50 


seat-n .mi. 


5475 


4151 


3557 


3289 


3065 


2961 


2931 

2908 


3775 


TABLE 45.- CALCULATED TOTAL OPERATING COSTS - P-3 COMMERCIAL 85 PAX 


Stage Length 


Total DO1 


$/blk-hr 1 ijS/seat-n.mi, 


Total IOC 


$/blk-hr I seat-n. mi. 



2.12 


1.62 


1.36 


1.23 


1.17 


3.51 


R^jPEOBtlCIBILtEA OF In 

QiJMNAIi PAGE IS 
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TABLE 46 . - DIKECT OPERATING COST BREAKDOWN - 
P-3 COMMERCIAL 85 PAX 





jgm 


TABLE - INDIRECT OPERATING COST BREAIODOl-JN 
P-3 COMMERCIAL 85 PAX 


IOC 

Component 


Stage 
Length (n.ml.) 


System Ib^ense 
Local Expense 


A/C Control Expense 


Hostess Expense 


Pood and Beverage 


Passenger Service 






Other Cargo Expense 


General and Administration 


Total IOC 


200 

0.2i|. 

1.02 

0.11 

0.36 

0.29 

1-5T 






0.01 




4.80 


IOC ^/seat— n.mi. 

600 1000 1500 

0.l4 0.11 0.10 

0.36 0.21 0.l4 

0.02 0.01 

0.26 0.25 

0.21 0.20 


2000 2295 
0.09 0.09 
0.10 0.10 




























































IIABLE 48 .- CALCULATED FUEL CONSUMPTION - P -3 COMMERCIAL 105 PAX 


Stage Length 
n.mi . 


Ih 


2 669 


4 057 


6 939 


9 608 


14 946 


21 672 


28 612 


30 70 


5 549 


Block Fuel Consumption 


3-92 


2.98 


2.55 


2.36 


2.20 


2.12 


2.10 


seat-n.mi* 

Btu 

gal 

seat-n.nii * 

26.79 

4728 

35.18 

3593 

4 i.l 8 

3073 

44.59 

2837 

47.77 

2648 

49-42 

2559 

49.90 

2534 

49.88 

2535 

39.00 

3275 


TABLE 49.- CALCULATED TOTAL OPERATING COSTS - P -3 COMMERCIAL 105 PAX 


Stage Length 
n.mi. 


Block I Total DOC 


$/hlk— hr , ^/seat-n.mi. 


2.26 


2.02 


1.92 


1.87 


1.86 


2.86 


Total IOC 

^/hlk-hr 

^/seat-n.mi. 

1451 

8.15 

1044 

4.47 

738 

2.62 

600 

1.94 

493 

1.49 

425 

1.26 

387 

1.13 

382 

1.11 

855 

3.26 



































































































TABLE 50. - DIRECT OPERATING COST EREAKDOVJN - 
P-3 COMMERCIAL 105 PAX 





TABLE 51. - iroiRECT OPERATING COST BREAKDOWN 
P-3 COMMERCIAL 105 PAX 


IOC 

Component 





IOC 

(^/seat-n .mi . 





Stage 
Length (n.mi.) 

100 

200 

l^00 

600 

1000 1500 

2000 

2145 

300 


System Expense 


Local Expense 


A/C Control Expense 


Hostess E^ipense 


Food and Beverage 


Passenger Service 


Cargo Handling 


Other Passenger Expense 


Other Cargo Expense 


General and Administration 


Total IOC 


0.11 0.07 


0.19 0.15 























































5 . HEW BEAR-TERM (I98O) FUEL SA.VIHG MRCRAET - TASK 5 


In addition to the methods studied to reduce the fuel consumption of the 
air transport fleet in the previous study tasks, a series of new fuel conserv- 
ing aircraft was parametrically designed and evaluated. The puz*pose of this 
task was to evaluate the fuel savings to he realized if new near-term aircraft 
were designed from the outset with the current high and possibly hi^er future 
fuel cost environment as a design criterion. Near-term for lourposes of this 
task was defined as 1980 initial operations capability. 

The design mission requirements for the new aircraft of this task were 
defined by NASA in the proposal request. Three payload/range classes, with 
airplanes designed to four particular criteria in each class, were included. 

All of these aircraft were to incosrporate turbofan engines, and in addition 
a turboprop aircraft was to be studied for one of the payload/ranges. The 
three size classes were a 200 passenger aircraft for a 15OO nautical mile 
design mission, and both a 200 and UOO passenger aircraft for a 3000 nautical 
mile mission. In designing aircraft for each of these missions, minimum 
direct operating cost as well as minimum fuel design criteria were utilized. 

The minimum direct operating cost criterion was farther divided hy the specifica- 
tion of three fuel costs: 15 , 30 , and 60 cents per gallon. The 200 passenger, 
1500 nautical mile payload/range was stipulated for evaluation of the turboprop 
aircraft. Table 52 summarizes this matrix of payload/range and design criteria. 

. 5*1 Turbofan Aircraft Designs 

As a first step in the parametric evaluation of the Table 52 designs , 
preliminary Sizing and conceptual design studies were performed. These 
studies established the basic configurations, sizes, and weights for the 
three classes of airplanes to be considered. Preliminary configuration 
drawings were then prepared and used as a basis for assessing the drag, 
propulsion, ^ability and control requirements, and the structural and 
weight relationships as required for each of the aircraft. 

It was projected that for introduction in I98O the most likely candidate 
airplanes in the payload/range classes being considered would incorporate 
wide-body fuselages and the current high-bypass ratio engines or derivatives 
of same. The L-lOU fuselage diameter was chosen with four conventional 
wing/pylon mounted high-hsrpass ratio toirhofan engines being selected. 

Aircraft systems were chosen compatihle with L-lOU design practice. 

The 1980 service introduction was also a consideration in determining the 
fuel efficient technologies to be incorporated. A supercritical •vring and 
limited use of advanced composites in cost effective secondary structure 
were selected as offering the most potential for incorporation in an airplane 
designed for 1980 service. Active flight controls and composite primary 
structure were eli 3 adnated as viable candidate technologies for this time 
period. 


Aerodynamic, weiglit, and cost data representative of these advanced 
tecionologies were then generated in parametric form. Scalable engine data 
were generated in deck form baaed on the cycle performance and weight of the 
Rolls Royce RB.211 high-bypass ratio turbofan engine. The fuel consumption 
of the RB.211 class of engines is consistent with the e:xpected capability of 
engines to be available for 1980 service . This is evidenced by the new ten-ton 
engines being developed today which exhibit SFC trends essentially the same 
as the cxirrent large high-bypass ratio engines. 

With these conponent characteristics defined in parametric form, para- 
metric aircraft studies were conducted using the Lockheed Advanced System 
Synthesis and Evaluation Teehniq.ue CASSET) computer program. This program 
was used to size preliminary design airplanes in each of the mission classes 
for a range of Mach numbers, wing aerodynamic parameters, wing, and thrust 
loadings. This design matrix is shoira in Table 53; repeated for each of the 
three payload/range classes, 12 288 parametric airplane designs result. The 
selection of this matrix was based on extensive in-house preliminary studies; 
this accounts for the lower limit established on sweep angle for exajjple 
where it was found that for the range of thickness ratios considered, only 
very small additional fuel and operating cost benefits were achieved with 
f uirfcher reductions in sweep angle . 

The automatic plotting capability of the ASSET program was used to 
generate carpet plots of takeoff gross weight, block fuel, and direct operat- 
ing cost for each of the three fuel costs . The full range of wing aspect and 
thickness ratios shorn in Table 53 were thereby combined for each of the 
selected wing and thrust loadings . Figures 35 through 39 present an example 
set of the ASSET generated autoplots; in this case for the 200 passenger, 

3000 nautical mile airplane. These data represent one variation in the 
parameters of Mach number, wing sweep, and wing and thrust loading. 

The minimum takeoff gross weight, minimum block fuel, and minimum direct 
operating costs were selected from these autoplots and tabulated along with 
the appropriate wing geometry (aspect and thickness ratios). Summary plots 
of the minimum values were then prepared over the range of thrust and xdLng 
loadings at each Mach number as shown in Figures 4o through Uk. This 
presentation format allo^rs incorporation of the field length constraint 
line which is shown as the dashed line on these figures . 

Use of the tabulated minimum value data obtained from the autoplots and 
the plots exemplified by Figures kO throu^ kk allowed the construction 
of the variation of wing geometry with Mach number for each of the payload/ 
range combinations. An example is shown in Figure k5. In performing this 
step of the procedure, the minimum direct operating cost and minimum fuel 
criteria w.ere used and were modified when necessary by the field length 
constraints. Note that in Figure k5, one curve represents all wing 
loadings since the geometry was found to be insignificantly affected over 
the range of wing loadings considered. 

Final sunBaary plots showing the variation of takeoff gross weight, 
block fuel, and direct operating cost with Mach number were then constructed 
(examples shown in Figures k6, k7s and k8) , This was accomplished by again 
referring to the cojoputer plotted data and the summary plots as shown in 
Figure k5- The final Mach numbers were selected from the data typified by 
Figures k6 through k8. 


Tables 5^ throu^ 5T stumnarize the characteristics of the final selected 
design point airplanes for the mnimm DOC and minimm fuel criteria. These 
tables were constructed from an additional set of ASSET computer output for 
each design-point airplane which was run at the specific wing geometry and 
cruise Mach nuinfaer selected as discussed above. A complete set of gecanetiy, 
weight, performance, and cost data was therefore available for each of the 
final selected airplanes. Examples of the ASSET printout data showing the 
detailed breakdown of these data are presented in Tables 58 through 6I. The 
configuration geometry output data of Table 58 give sufficient details to 
allow a three-view general arrangement drawing to be constructed. The ASSET 
printout of Table 59 is an exaiople of the weight output including a break- 
down of the manufacturers empty treight into its major components . A summary 
of the airplane perfozmiance over the mission profile is shovra. by the example 
of Table 60 where the time, fuel, and distance variables are tabulated for 
each of the mission profile segments. The cost summary of Table 6l includes 
breakdowns of both the manufacturing and engineering costs as well as the 
direct operating cost information. 

The effect of optimizing the wing for minimum direct operating cost at 
different fuel costs and for minimum fuel usage irrespective of cost is 
shown graphically in Figure 49. Here the wing geometry for the various designs 
have been overlaid in each payload/range size. Once the fuel price reaches 
approximately 30 cents per gallon, the sweep has been reduced to near the 
25-degree limit inposed, and further fuel price increases call for increased 
aspect ratio. The minimum fuel designs have the highest aspect ratios. These 
trends are shown in Figures 50 through 52 where the wing design parameters 
plus cruise speed and takeoff gross weight have been plotted versus fuel cost. 

The parameters for the minimum fuel designs are also indicated as noted by the 
shaded symbols. 

Tabular data in the format specified for the UTRC stuily are included as 
Tables 62 throu^ 115- For that study the 15 cent fuel designs were 
eliminated so that these data are shown for the 30 and 60 cent fuel designs 
and for the minimum fuel designs. These data are tabulated for a series 
of stage lengths including one predicted to be the average CAB stage length 
assuming these aircraft were in service. Fuel consunption is shown in terms 
of total block fuel and on both an airplane-nautical mile and a seat-nautical 
mile basis. The seat-naubical mile figures are further subdivided into units of 
seat-nautical miles per gallon and Btu*s per seat-nautical mile. Total direct 
and indirect operating costs are tabulated assuming fuel prices of 15# 30, and 
60 cents per gallon. These total cost figures are shown in •units of dollars per 
block hour with the corresponding block speeds indicated at each stage length and 
are also shown in units of cents per available seat-nautical mile. The latter 
units are also used for the detailed breakdowns of the direct and indirect costs 
Mote that for the same airplane design a small change in the indirect operating 
costs is indicated as fuel price is varied, ^is is caused by the fact that the 
estimated IOC General and Administration Expense is a function of the direct 
operating cost. 
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5.2 Turboprop Aircraft Designs 


The 200 passenger/1500 nauticai mile payload /range was stipulated for 
the turboprop design. In this aircraft size class, the turbofan parametric 
study airplanes optimized at cruise Mach values of 0.75 or higher. This 
indicates that the' block-timo -factor is still a powerful one when considering 
direct operating cost as a design criterion even at elevated fuel prices. 

It was also shown that for aircraft powered by the turbofan engines investigated 
in this study, the high fuel cost/minimum direct operating cost design does not 
differ drastically from one designed strictly from a minimxm fuel standpoint 
in terms of the design Mach number - 

These high cruise speeds, considered in the context of the I98O time 
period for this task, complicate the consideration of turboprop designs. 

Current propeller designs limit the design speed of a turboprop powered 
aircraft to approximately Mach O.65, a speed that was judged to be unacceptable 
from the standpoint of compatibility with current aircraft that -vTill still be 
in the fleet in I98O, Advanced propellers such as the Hamilton Standard 
Prop-Fan which would allow operation at speeds up to Mach 0.8 or better will 
not be available until sometime a'fter the desired 198O introduction date. 

The turboshaft engine for use in the time period of this task was an 
additional consideration. While available turboshaft engines offer specific 
fuel consun5)tion benefits relative to even the current high-bypass turbofan 
engines at competitive cruise speeds and larger benefits at reduced cruise 
speeds, none offer s-ufficient power for the size aircraft envisioned. 

With these considerations as a basis, it was decided that for purposes of 
this task some relaxation of the ground niles should be accepted. It was , 
therefore, assumed that a current turboshaft engine could be made available 
in an appropriate size class for incorporation on an aircraft designed to 
cruise at lower Mach numbers with conventional propellers. At the other end 
of the speed spectrum an aircraft incorporating a new design engine and 
propeller was examined. 

While several designs in each of these classifications were examined, 
t3rpical examples are discussed here. The first of these, illustrated in 
the three-view drawing of Figtire 53 is a four engined airplane designed to 
cruise at Mach 0.65 ^3sing a conventional four bladed propeller and an tprated 
version of the Rclls-Hoyce powerplant. A wide-hody fuselage was used here 

for compatibility with the other aircraft of this task. The wing sweep 
has been reduced to a value of 15 degrees, sufficient for the Icnfered 
cruise speed. The high aspect ratio -wins found to be optimum for the turbofan 
airplanes is retained. A design like this offers seat-mile per gallon figures 
approximately 25 percent better than the new near-term turbofan airplane. 

While these improvements are significant, the cruise speed incon^iatibility 
of this type of design could out-weigh the fuel savings. 

Preliminary design turboprop airplanes designed to cruise at Mach 0.8 axe 
typified in Figures 5^ and 55. These airplanes were studied and performance 
data obtained using the available information on the Hamilton Standard Prop-Fan 
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propeller concept and the Pratt and Whitney STSli76 study turhoshaft engine. 
Wliile these data were preliminary in nature at the time of this study, it was 
felt that an indication of the performance levels attainable would at least 
help to define the potential of an advanced turboprop aircraft. 

It was found again that the seat-mile per gallon levels attainable with 
the higher speed turboprops were sufficiently improved over the turbofans 
to call for additional study. 

As discussed previously, the time period originally specified for 
introduction of the near-term aircraft in this task placed limitations on 
the study of the turboprop powered aircraft. The large fuel savings identified 
in the preliminary design turboprops, however, led to modifications of both 
of the airframe manufacturer's contracts. A more detailed design of a high 
speed turboprop and comparison with an equal technology turbofan aircraft 
was specified in the Lockheed study while McDonnell Douglas was assigned 
the task of studying a turboprop in the DC-9 size class. A complete discussion 
of the follow-on turboprop study is included in Section 7 , Task 7 of this 
report , 
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DOC (DOLLARS PER IM- MILE) 


energy conservation aircraft / ENGINE 340000 
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Figure 37* — ASSSSI? autoplot - a±r^ct cost ( $0 •15/gal 
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I'igure 38.— ASSET autoplot - direct operating cost ($0,30/ gal fuel) 
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Figure 39. — ASSEC Autoplot - Direct operating cost ($0.6o/gal fuel) 




Figure UO.— Crossplot - tafceoff gross weight 
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Figure 43.— Crossplot - direct operating cost ($0.30/gal) 
















Figure 44.— Crossplot - direct operating cost ($0.60/gal) 
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Figure 51* — Design trends with fuel cost - 200 pax 3000 n.mi 
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CHARACTERISTICS 

WIIM6 

HORIZ 

VERT 

AREA (ft^l 

2000 

600 

236 

ASPECT RATIO 

12 

6 

1.6 

SPAN (ft) 

154.9 

60 

19.43 

ROOT CHORD (in.) 

238.4 

171.5 

224.2 

TIP CHORD (in.) 

71.5 

68.5 

67.3 

TAPER RATIO 

0.30 

0.40 

0.30 

MAC (in.) 

169 

125 

153 

SWEEP C/4 (deg) 

15 

20 

35 

T/C ROOT (%) • 

18 

12 

12 

T/C TIP (%) 

14 

12 

12 



















TABLE 52.- PAYLOAL/RANGE ATO DESIGN CRITERIA 


Size 




Passengers 

200 

200 

Loo 

Range (n.mi* ) 

1500 

3000 

3000 

Design Criteria 




Minimum DOC (l5^/gal Fuel) 

X 

X 

X 

Minimum DOC ( 30i^/gal Fuel) 

X 

X 

X 

Minimum DOC {60^/gal Fuel) 

X 

X 

X 

Minimum Fuel 

X 

X 

X 

Poverplants 




Turbo fan 

X 

X 

X 

Turboprop 

X 




TABLE 53.- NEW NEAR-TERM AIRCRAET PARAMETRIC DESIGN MATRIX 



0.70 

0.75 

0.82 

0.90 

Sweep 

25 

30 

35 

Lo 

25 

30 

35 

Lo 

25 

30 

35 

4o 

25 

30 

35 

4o 

Angle 

















t/c 

9 

12 

IL 

16 

9 

12 

l4 

16 

9 

12 

14 

16 

7 

9 

11 

13 

AR 

T 

9 

12 

iL 

T 

9 

12 

IL 

7 

9 

12 

l4 

5 

7 

9 

12 

w/s 

110 

120 

125 

130 

110 

120 

125 

130 

no 

120 

125 

130 

no 

120 

125 

130 

T/W 

.22 

.26 

.30 

.32 

.22 

.26 

.30 

.32 

.22 

.26 

.30 

.32 

.26 

.28 

.30 

.3^ 












TABLE 5^.- 

CHARACTERISTICS 
DOC WITH 150 PER 

SUMMARY - MINIMUM 
GALLON FUEL 



Pax 200 
Range 1500 

Pax 200 
Range 3000 

Pax 1|00 
Range 3000 

M 

CRUISE 

0.85 

0.85 

0.84 

AR 

7.1 

8.2 

6.8 

t/c 

13.0 

11.7 

13.3 

TOGW 

2l[8 8l6 

306 177 

531 918 

Vring Area 

21^5 

2510 

4255 

w/s 

ll6 

122 

125 

T/W 

0.32 

0.282 

0.27 

Total Thrust 

79 620 

86 3i^0 

i43 616 

Wing Sweep 

28 “ 

0 

00 

CVJ 

28“ 

Block Fuel 

36 4oi 

7 h 162 

134 133 

Payload (58/5 Pax) 

23 200 

23 200 

46 400 

om'j 

155 060 

178 512 

293 482 


TABI^l 55.“ Cffl>i?ACTERISTICS SUMMARY - MINIMUM 
DOC WITH 306 PER GALLON GUEL 



Pax 200 
Range 1500 

Pax 200 
Range 3000 

Pax 400 
Range 3000 

M 

CRUISE 

0.82 

0.82 

0.8l 

AR 

8.6 

9.3 

8.6 

t/c 

13.4 

12.8 

13.9 

TOGW 

246 850 

303 251 

524 993 

Wing Area 

2057 

2527 

4200 

W/S 

120 

120 

125 

t/w 

0.32 

0.28 

0.27 

Total Thrust 

78 988 

84 908 

l4l 748 

Wing Sweep 

26 “ 

26“ 

25“ 

Block Fuel 

33 562 

70 601 

122 065 

Payload, ( 58 ^ Pax) 

23 200 

23 200 

46 4oo 

OEW 

160 634 

179 572 

300 066 





TABLE 56-.- CHARACTERISTICS SIM4ARY - MINIMUM 
DOC WITH 606 PER GALLON FUEL 




Pax 200 

Pax 200 

Pax 400 


Range 1500 

Range 3000 

Range 3000 

M 

CRUISE 

0.81 

0.78 

0.76 

AR 

9.9 

11.8 

10.8 

t/c 

i 3 .it 

14 

15.1 

TOGW 

249 529 

305 145 

531 863 

Wing Area 

2079 

2543 

4255 

W/S 

120 

120 

125 

T/W 

0.32 

0.28 

0.27 

Total Thrust 

79 848 

85 44o 

143 600 

Wing Sweep 

25 ° 

25 ° 

25 “ 

Block Fuel 

32 354 

66 275 

115 556 

Payload { 58 ^ Pax) 

23 200 

23 200 

46 400 

OEW 

l64 847 

186 291 

314 308 


TABLE 57.- CHARACTERISTICS SUMMARY - MINIMUM FUEL 



Pax 200 

Pax 200 

Pax 4 00 


Range 15 00 

Range 3000 

Range 3000 

M 

CRUISE 

0.75 

0.75 

0.75 

AR 

14.0 

13.4 

12.7 

t/c 

15.0 

l4.0 

15.5 

TOGW 

26 l 547 

313 394 

550 630 

Wing Area 

2144 

2612 

4477 

W/S 

122 

120 

123 

T/W 

0.325 

0.28 

0.27 

Total Thrust 

85 000 

. 87 748 

146 464 

Wing Sweep 

25 ° 

25 “ 

25 “ 

Block Fuel 

30 777 

65 144 

113 466 

Payload (585^ Pax) 

23 200 

23 200 

46 4oo 

OEW 

178 943 

195 652 

335 129 








TABLE jS. - ASSET PRIHTOUT - CONFIGURATION GEOMETRY 
ENERGY CONSERVATION AIRCRAFT/200 PASS/3000 N.MI./M = O.78 MISS 
T/C T/R AR LAM W/S T/W 

111. 00 0.30 11.80 25.00 120.0 0.280 


Area Span 
(sqt ft) (ft) 

25li2.9 1T3.22 


C/4 L.E. 

Ratio I Sweep Sweep 

(deg) (deg) 

25.000 27.110 


CR 

(ft) 

22.58 


CRE S Wet Ref L 

(ft) (sq ft) (ft) 

20.80 4586.0 16.10 


Wing Tank CBAR 1 CBAR 2 
(ft) (ft) 

20.80 7.92 


FVWING [ PVBOX 

(cu ft) 

2124.61 I 521-69 


Fuselage Length S Wet 

(ft) (sq ft) 

155.87 7143.0 


Equiv D 1 SPI 

(sq fti 

300.95 


BV/ 

(ft) 

19.58 


BH. 

(ft) 

19.58 


7143.00 i 3333.00 


Sbt SHTX 1 HT Ref L 

(sq ft) (sq ft) 

689.63 454.19 


SVTX VT Ref L 
( sq f t ) ( ft ) 

356.77 16.60 


Propulsion Eng L 


Eng D 
(ft) 

5.10 


Pod S No. Pods Inlet L 









TABLE 59. " ASSET PRINTOUT - WEIGHT BREAKDOWN 
ENERGY CONSERVATION AIRGRAFT/200 PASS/ 3000 N.MI./M = 0.T8 MISS 
T/C T/R AR LAM W/S T/W 

14.00 0.30 11.80 25.00 120.0 0.280 



Design Gross Weight 
Fuel 

Zero Fuel V^eight 
Fayload 

Operating Weight Empty 
Operational Items 
Standard Items 

Empty Weight-Mfg* 

Wing 

Tail 

Bod^ 

Landing Gear 
^’light Controls 
Nacelles 

Prop'-iision System 
Engine 
Air Intake 
Exhaust 
Cooling 

Oil System (Less Oil) 
Engine Controls 
Engine Starting 
Tanks 

Insulation 

Fuel-Plumbing 

Instruments 

Hydraulics 

Electrical 

Electronics 

Furnishings and Equip. 

Air Conditioning 

Anti-Icing 

A^' iliary Po-trer Unit 

Miscellaneous 

Design Reserve 

No. of Passengers 

No. of Crew 

Struc oral T/C 

Fuel Volume Reqd 

Wing Fuel Volume Available 


20912. 

903 . 

4051. 

0 . 

11 . 

117. 

361. 

1191. 

0 . 

0 . 


Pounds 


305145. 

78853. 

40000. 

10230. 

3311. 

39435. 

5332. 

37089. 
14132 . 
4244. 
4626, 
27546. 


880. 

1892. 

6126. 

2146. 

22663. 

5258. 

266. 

1116. 

0 . 

0 . 

200 . 

10 . 

17.33 

1550.1 

2646.3 


100.00 

25.84 

13.11 


12.92 

1.75 

12.15 

4.63 

1.39 

1.52 

9.03 


Pounds 


226292. 


186292. 61.05 


172752. 



TABLE 60. - ASSET PRINTOUT - MISSION SUMMARY 
Energy Conservation Aircraft/200 Pass/3000 n.ini./M = 0.78 Miss 


Segment 



Ini 

t 

Al 

tit 

ude 


(ft 

) 


Tfiikeoff 


Power 1 

0 

Power 2 

0 

Climb 

0 

Accel 

10 000 

Climb i 

ID 000 


Cruise 

37 000 

Descent 

4l 000 

Decel 

10 000 

Descent 

10 000 

Cruise 

4l 000 

Loiter 

1500 


305 1!*5 
30lt 750 

30l* 561 
302 913 
302 664 
294 554 
240 430 
239 907 
239 86l , 
239 362 
239 364 

236 869 
238 869 
238 869 

237 650 
237 467 
234 201 
233 981 
233 626 
233 582 
233 194 
232 947 

232 633 


Segmt 

Total 

Fuel 

Fuel 

(It) 

(lb) 


Segmt 
Dist 
(n*iT:i. ) 


Segmt Total Extern 

Time Time Store 

(rain) (min) Tab ID 


2232 

2it8l 

10 591 
6 U 71U 
65 238 
65 283 


66 

275 

66 

275 

67 

495 

6 t 

677 

70 

943 

, 

163 

' 71 

518 

71 

563 

71 

951 

72 

197 

72 

511 

78 

920 


Engine Extern 
Thrust F Tank 
Tab ID Tab ID 


3h0 101 


340 201 
340 201 
340 201 
340 101 
340 301 
340 301 
34o 301 
-340 101 
-340 101 
0 
0 

34o 201 
340 201 
340 201 
-340 101 
340 301 
340 301 
340 301 
-340 101 
-340 101 
-340 101 


TOGRHT = 305 145.0 Jr'uel A = 78 853.1 Fuel R = 76 920.0 




























Landing Gear 
Flight Controls 
Nacelles 
Propulsion 
Engine 

Air Induction 
Fuel System 
Start System 
Engine. Controls 
Exh/Thrust Rev. 
Lube System ■ 


25 9^8.91^ 
52 192. S3 

2i6 391.69 
5926.05 
2353.13 

2139.02 


1 *528 201.0c 
263 i51.35 
1 5^” 

311 ?0:.b9 
2 l +0 992. 9h 
261 151^9^ 


Total Propulsion 

309 

895.56 

Instruments 

lOii 

T57.1? 

Hydraulics 

131 

5-3.69 

Electrical 

523 

111.9^ 

Electronic Hacks 

125 

mT 9.19 

Furnishing 


569.06 

Air Conditioning 

131 

ii38.75 

Anti Icing 

91 

630. 

APU 

122 

8IG.38 

Sys , Integration 

217 

3i.'0.T5 


Total Empty Mfg. Cost 


6 621 079.00 


Sustaining Engineer 

1^69 

99^. 

^13 






TechnicaT Bata 


0 







Prod. Tooling Maint. 

622 

051. 

.31 






Misc. 

165 

080. 

.31 






Eng. Change Order 


0 







Quality Assurance 

' — t 
VO 

286. 

56 






Airframe Warranty 




ii25 

061 . hh 




Airframe Fee 




1 333 

953.00 




Airframe Cost 






10 

265 

306.00 

Engine Vtoranty 




I2U 

it82.38 




Engine Fee 




313 

695 Ali 




Engine Cost 






2 

927 

325-00 

Avionics Cost 







500 

000.00 

Research and Development 






1 

T6 i 

829.00 


Total Fly Away Cost 


R and D 

Development Technical Data 
Design Engineering 
Development Tooling 
Development Test Article 
Flight Test 

Special Support Eauipment 
Development Snares 
Engine Development 
Avionics Development 
Total R and D 


9 -95 353 
211 07i 61Q 

125 926 

33 961 Tr'" 

30 --50 91? 
2 531 695 

31 S 2 S ^26 



15 9t>0.00 



Direct Operating Cos t ’"Dollars /n. 

mi . 

0/0 

2h,li0 

Crev 

O. 608 I 

Airframe Labor and Burden Maint* 

0.1946 

7»30 

Engine Labor and Burden Maint* 

0,1?09 

6,05 

Airframe Material Maint, 

0 . C 820 

3.29 

Engine Material Maint* 

0,1374 

5*51 

Fuel and Oil 

0.4965 

19 ’91 

Insurance 

0,1102 

4,42 

Depreciation (Including Spores) 

O.TI 31 

28,60 


Total Doc $/n.mi 


3 . 1^932 100,00 


Hange 


n.cii , 

756 

1130 

1505 

1379 

2231 

DOC 






C/ASM 

1.521(2 

I.U 012 

1.3395 

1.302li 

1.2776 


TB-hr 

2,0038 

2.61(12 

3.6785 

it. 5159 

5.3533 

$/Trp 

2303 

3167 

1(031 

1395 

5760 




TABLE 62 .- CALCULATED FUEL CONSUMPTION - 

NEl'T NEAR-TERM 30^ FUEL DESIGN 200 PAX/ 15 00 N.MI. RANGE 


Fuel Consumption 


Stage Length 
n.mi. 



seat-n.mi. 




Btu 




lb 


3000 


5 1+00 


9600 


13 800 


21 700 


31 1+00 


1+1 TOO 


51 13I+ 


11 11 + 1 + 


TABLE 63 .- CALCULATED TOTAL OPERATING COSTS - 

NEW NEAR-TERM 30^ FUEL DESIGN 200 PAX/I 5 OO N.MI. RANGE 



Block 

Stage Length. Speed 
n ♦ mi . kt 


Total DOC^ 


$/‘blk-hr {^/seat-n.mi . 



Total IOC* 

$/blk-hr 

<^/seat“n.mi * 

3731 

8.02 

2520 

1+.28 

1726 

2.1+8 

I 39 I+ 

1.86 

1106 

1.35 



Fuel Cost 


REiPRODUCIBnJTY 0£ THS 

oSal page b poo® 














































































TABLE CALCULATED TOTAL OPERATING COSTS ^ 

HEN NEAR-TERM 30^ S’UEL DESIGN 200 PAX/I 5 OO N.MI. RANGE 


Block 

Stage Length Speed 
n .mi . kt 


Total DOC* 


Total IOC* 


^/hlk-hr ^/seat-n.mi. |/hlk-hr ^/seat-n.ini. 


1.69 


1.51 



" 30 ^/gal Fuel Cost 

TABLE 65.- CALCULATED TOTAL OPERATING COSTS “ 

HEW HEAR-TERM 30^^ FUEL DESIGN 200 PAX/I 5 OO N.MI. RANGE 


Block 

Stage Length Speed 


Total DOC* 

$/blk-hr seat “ii » mx 


Total IOC* 

$/hlk-hr ^/seat-n.mi. 


2.00 


1.90 


oO^/gal Fuel Cost 





TABLE 66. DIRECT OPERATING COST BREAKDOM - 

NEW WEAR-TERM 30^ FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


Component 

Stage 


Length (n,mi.) 


Crevr 


Insurance 


Depreciation 


Maintenance 


Fuel (15^/gal) 
Total DOC 
Fuel (30<^/gal) 
Total DOC 


Fuel (60i^/gal) 
Total DOC 


0.48 


0.10 


0.66 


1.28 


0.34 

2,85 

0.68 

3.19 


1.35 




200 

400 

600 

o.4o 

0,32 

! 0.30 

0.09 

0.07 

o.o6 

0.56 


0.4i 

0.68 

IQH 

0.40 

0.29 



DOC (^/seat-n.mi. 


600 1000 1500 


0.27 


0.06 


0.37 
0.32 
0.24 
1.27 















































































TiABLE 67. INDIRECT OPERATING COST BREAKDOVfN - 

NEVr NEAR-TERM 30(jt FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


IOC 

Con^onent 


Stage 
Length (n.ini. ) 


System Expense 


Local Expense 


A/C Control Expense 


Hostess E:q)ense 



IOC ^/seat-n.ml.* 
600 1000 1500 

0.05 0.04 0.03 


0.30 0.16 


0.02 0.01 0.01 


0.18 0.17 


2000 2449 

0.03 0.02 


0.01 G.Ol 


Food and Beverage 

0.28 

0.24 

0,19 

0.17 

0.16 

0.15 

0.15 

0.l4 

0.18 

Passenger Service 

3.14 

1.40 

0.79 

0.52 

0.32 

0.20 

0.16 

0.15 

0.66 

Cargo Handling 

1.51 

0.74 

0.37 

0.25 

0.15 

0.09 

0.08 

0.07 

. 0.31 

Other Passenger Expense 

0.22 

0.22 

0.22 

1 

0.22 

0.22 

0.22 

0.22 

/I 00 

- * 

0.22 

Other Cargo Expense 

0.01 

0.01 

0.01 

0.01 

0.01 

. 0.01 

0.01 

0.01 

0.01 


General and Administration 


Total IOC 

































































n 


TABLE 68. - CALCULATED FUEL COWSUMPTIOIT - 

IffiW WEAB-TERM 60?! FUEL DESIGN 200 PAX/1500 K.M.I RANGE 



Stage Length 
n.mi. 


100 


lb 


3 000 


5 iiOC 


9 500 


0 


ifO 100 


9 912 


11 OltT 


Block Fuel Consumption 


seat-n.mi. 


gal 


45.35 


50.38 


5T.27 


6 


67.83 


67.79 


58.50 


Bt 


seat-n.mi. 


2790 


2511 


2209 


2092 


1953 


1885 


1865 


1866 


2150 


TABLE 69. - CALCULATED TOTAL OPERATING COSTS 

HEW NEAR-TERM 60^ FUEL DESIGN 200 PAX/I5OO N.MI. RANGE 


if 

: \ 
i 
\ 

stage Length 
n.mi* - 

Block ' 
Speed 
kt 

if\ 

1 

* 

100 

230 


TOTAL DOC^ 


$/'blk-hr 1 i^/seat-n.mi , 

2.89 


1145 


1081 


1043 


1025 


10l4 


1010 


1120 


2.13 

1.62 


1.44 


1.29 


1.20 


1.17 


1.18 


1.53 


TOTAL lOC"^ 

$/'blk-hr ^/seat-n.>ni 


L5^/gal Fuel Cost 



































































TABLE TO. - CALCULATED TOTAL OPERATING COSTS - 

NEW WEAR- TERM 60fli FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


I 


Block 

Stage Length Speed 
n . mi . kt 


Total DOC j ^Total IOC* 

$/hlk-hr (^/seat-n.mi. $/blk-hr ^/seat-n.mi 



1 


2 


koo 


600 


1000 ^05 1234 


1500 423 1212 


2000 432 


2488 


475 


*30^/gal Fuel Cost 

TABLE 71. - CALCULATED TOTAL OPERATING COSTS - 

NEW NEAR-TERM 60^ FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


Block 

Stage Length Speed, - 
n.mi. kt 


Total DOC** 


Total IOC* 



4oo 

344 

600 

374 

1000 

405 

1500 

423 

2000 

432 

2488 

438 

475 

360 



^/seat-n.ini. 

$/hlk-hr 

3.90 

3767 

3.05 

2460 

2.42 

1748 

2.20 

1427 

2.01 

1129 

1.90 

960 

1.85 

874 

1.83 

825 

2.27 

1610 


8.10 


4.31 


2.53 


1,90 


1.39 


l.l4 


1.01 


0.94 


2.20 


oO<^/gal Fuel Cost 


sEPRODUciBrLrry of the 

GRIsmAL PAGE IS POOR 






























































































































TABLE 73. INDIRECT OPERATING COST BREAKDOWN - 

NEW NEAR-TERM 60i FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


Component 

Stage 


Length (n.mi.) 


IOC 0/seat-n.mi 


System Expense 


Local Expense 


A/C Control Expense 


Hostess Expense 


Food and Beverage 


Passenger Service 


argo Handling 


Other Passenger Expense 

0.22 

0.22 

Other Cargo Expense 

0,01 

0.01 

General and Administration 

0.53 

0.36 

Total IOC 

8.06 

h.20 


0.03 


0.13 0.09 


0.15 0.15 


0.20 0.16 


0.09 0.08 


0.01 0.01 


0.10 


. 0.02 


0.18 


O.IT 


0.67 


0.31 


0.22 


0.01 


0.18 


2.19 


30ip/gal Fuel Cost 







































































































































TABLE 76. - CALCULATED TOTAL OPERATING COSTS - 

NEN NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


Stiags Length 

Block 

Speed 

kt 

Total DOC* 

Total IOC* 

n.mi . 


^/seat-n.mi . 

$/blk-hr 

^/seat-n.mi . 

100 

220 

1542 

3.47 

3647 


200 

280 

1425 

2.53 

2330 

4.14 


4 oo 329 1329 


600 353 1287 


1000 381 1240 


1500 392 1218 


2000 405 1209 


2537 ' 4 io 1208 


475 


30^/gal Fuel Cost 

TABLE 77. - CALCULATED TOTAL OPERATING COSTS - 

NEW NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


Stage Length 
n.mi . 


100 

200 


4 00 


600 


1000 


1500 


2000 


2537 


475 


bO^/gal Fuel Cost 


$/blk-hr 


1841 


^/seat-n.mi 


4.l4 


3.12 


2.56 


2.32 


2.07 


1.99 


1.92 


1.89 


2.46 


Total 

IOC* 

$/blk-hr 

^/seat-n.mi. 

3663 

8.24 

2400 

4.26 

1697 

2.59 

1376 

1.95 

1 

1091 

1 

1.43 

925 

1.18 

844 

1.04 

810 

0.99 

1560 

2.32 
































































































TABLE 78, DIRECT OPERATING COST BREAKDOWN - 

NEW NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


iomponeat 

Sta 


Length (n.mi 


DOC ^/seat-n.mi. 


Crew 


Insurance 


Depreciation 


Maintenance 


Fuel (15^/gal) 
Total DOC 


Fuel (30(fc/gal) 
Total DOC’ 


Fuel (600 /gal) 
Total DOC 


600 

1000 

1500 

2000 




0.28 

o.OT 

0.07 

0.07 

o.o6 


0.1*5 

0.37 

0.31 

0.30 

0.25 

0.23 

0.22 

0.21 

1.57 



1.28 

0.50 

O.U5 

0.1*3 


1.82 

BB 

1.1*9 

1,01 

0.90 



1 

m 











































































TABLE 79. INDIRECT OPERATING COST BREAICDOWN - 

NEVJ NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/1500 N.MI. RANGE 


CoT]iponent 

stage 


Length (n.mi.) 


IOC ^/seat-n.mi.* 


System Expense 


Local Expense 


A/C Control Expense 


Hostess Expense 


Food and Beverage 


Passenger Service 


Cargo Handling 


Other Passenger Expense 


Other Cargo Expense 


General and Administration 


Total IOC 


600 

1000 

0.05 

O.Oli 

0.32 

0.19 

0.02 

0.01 

0.19 

0.18 

0.18 

0.17 

0.52 

0 . 32 

0.25 

0.15 

0.22 

0.22 

0.01 

0.01 

0.16 

0.13 

1,92 

lAi 


0,10 0.09 0.1»2 


0.01 0.01 0.03 


0.l6 0.15 0.19 


0.08 0,09 0.32 


0.22 0.22 0.22 


.96 2.30 


30^/gal Fuel Cost 












































































TABLE 80. - CALCULATED FUEL CONSUMPTION - 

NEW NEAE-TERM 30^ FUEL DESIGN 200 PAX/ 3000 N.MI. RANGE 


Stage Length 
n.mi. 


lb 


3500 
6000 
10 500 


15 000 


23 000 


43 900 


66 100 


8t 946 


l4 302 


Block Fuel Consumption 

seat-n.mi. 
gal 

38.83 

45 . 3 ; 


51.81 


59.17 


61.92 


61.73 


60.24 


54.70 


Btu 

seat-n^mx* 


TABLE 81 . - CALCULATED TOTAL OPERATING COSTS - 

NEVJ NEAR-TERM 30^ FUEL DESIGN 200 PAX/ 3000 N.MI. RANGl 


Stage Length 
n.mi. 


Block 

Speed 

kt 


Tota. 

L DOC* 

$/blk-hr 

0/seat-n.mi . 

1334 

3.27 

1250 

2.46 

1 

1168 

1.84 

1120 

1.48 

1078 

1.32 


Total IOC* I 


$/blk-hr 0/seat -n.ai - 1 


1045 

1039 

1050 

1125 


150/gal Fuel Cost 





























































TABLE 82. - CALCULATED TOTAL OPERATING COSTS - 

NEW NEAR-TERM 30^ FUEL DESIGN 200 PAX/ 300 n N.MI. RANGE 


Stage 
Length 
n.jni • 

Block 

Total DOC* 

; 1 

Total IOC* j 

kt 

$/blk-hr 

^/seat-n^mi. 

$/Llk-hr 

^/seat-n.mi • 

100 

203 

1495 

3.66 

3527 

8.64 

200 

265 

l 440 

2.82 

2830 

5.31 

ijOO 

340 

1373 

2.15 

1940 

2.86 

600 

378 

1331 

1.76 

1477 

1.96 

1000 

409 

1290 

1.57 

1161 

1.42 

2000 

436 

1260 

1.45 

883 

1.01 

3000 

448 

1260 

i. 4 l 

785 

0.88 

3899 

452 

1272 

1.44 

790 j 

0.87 

570 

372 

1338 

1.77 

1525 

2.02 


*30^5/gal Fuel Cost 

TABLE 83, - CALCULATED TOTAL OPERATING COSTS - 

NEW NEAR-TERM 30 ( f ) FUEL DESIGN 200 PAX/ 3000 N.MI. RANGE 


Stage 
Length 
n*mi . 

Block 

Speed 

kt 

Total DOC* 

Total IOC* 

$/blk-hr 

^/seat-n.mi. 

$/blk“hr 

^^/seat-n.Ini. 

100 

203 

1815 

4.45 

3544 

8.68 

200 

265 

1803 

3.48 

2850 

5.34 

400 

340 

1775 

2.75 

1980 

2.92 

600 

378 

1755 

2.33 

1500 

1.99 

1000 

409 

1713 

2.09 

1183 

1.44 

2000 

436 

1689 

1.94 . 

905 

1.04 

3000 

448 

1703 

1.90 

809 

0.90 

3899 

452 

1728 

1.96 

810 

0.90 

570 

372 

1755 

2.33 

1550 

2.05 


^60<f)/gal Fuel Cost 


1^9 









































150 



TABLE 84. DIRECT OPERATTRG COST BREAKDOl-M - 

I/< NEAR-TERM 30f^ FUEL DESIGN 200 PAX/3000 N.MI. RANGE 


DOC 

Component 

Stage 
Length ( n - mi • ) 




DOC (^/seat-n 

.mi . 




100 

200 

4 00 

600 

1000 

2000 

3000 

3899 

570 

Crev 

0.5T 

0.48 

0.37 

0.31 

0.29 

0.27 

0.26 

0.26 

0.31 

Insurance 

0.11 

0.09 

0.07 

0.06 

0.06 

0.05 

0.05 

0.05 

0.06 

Depreciation 

0 . t4 

0-59 

0.46 

0.4o 

0.37 

0.35 

0.34 

0.34 

o.4o 

Maintenance 

1.46 

0.94 

0.63 

0.43 

0.35 

0.29 

0.27 

0.28 

0.44 

Fuel (1595 /gal) 

0.39 

0.36 

0.31 

0.28 

0.26 

0.25 

0 

ro 

0.26 

0.28 

Total DOC 

3.2T 

2.46 

1.84 

1.48 

1.32 

1.20 

1.16 

1.19 

1.49 

Fuel (30^ /gal) 

0.T9 

0.72 

0.62 

o 

\J\ 

o^ 

0.52 

0.49 

0.50 

0.51 

0.56 

Total DOO 

3.66 

2.82 

2.15 

1.76 

1.57 

1.45 

1.4l 

1.44 

1.77 

Fuel (60i#/gal) 

1.5T 

1.38 

1.22 

1.12 

1.03 

0.99 

0.99 

1.03 

1.12 

Total DOC 

4.45 

3.48 

2.75 

2.33 

2.09 

1.9lt 

1.90 

1.96 

2.33 


i 





TABLE 85. INDIEECT OPERATING COST BREAICDOWN ~ 

WEl-7 NEAR-TERM 30^ FUEL DESIGN 200 PAX/3000 N.MX. RANGE 


Component ^ 




IOC ^/seat-r 

t.ml,* 




Doage 

Length (n.mi.) 

100 

200 

1*00 

600 

1000 

2000 

3000 

3899 

570 

System Expense 

1 0.17 

0.13 

0.09 

! 0.05 

1 , 

o.ol* 

0.03 

0.03 

0.03 

0.05 

Local Expense 

2.23 

1.10 

0.59 

' 0.37 

1 

0.22 

0.11 

0.07 

0.07 

0.38 

A/C Control Expense 

0.10 

0.07 

0,03 

1 0.02 

0,01 

0.01 

0.01 

0,01 

0.02 

Hostess Expense 

0.33 

0.29 

0,23 

0.18 

0.17 

0.16 

0.15 

0.15 

0.19 

Food and Beverage 

0.32 

0.28 

0.22 

0,17 

0.16 

0.15 

0.15 

0.15 

0.18 

Passenger Service 

3.1^ 

1.90 

0.78 

0.52 

0.32 

0.16 

0.11 

0,11 

0.51* 

Cargo Handling 

1.55 

0,93 

0.1*7 

0.26 

1 

0.16 

0.08 

0.05 

0.05 

0.27 

Other Passenger Expense 

0.22 

0.22 

0.22 

0.22 

0.22 

0.22 

0.22 

0.22 

0.22 

Other Cargo Expense 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

General and Administration 

0.58 

0.38 

0.20 

0.16 

0.13 

0.10 

0.10 

0.10 

0.16 

Total IOC 

8 . 6 k 

5.31 

2.86 

1.96 

1.1*2 

1.01 

0.88 

0.87 

2.02 


30^/gal Fuel Cost 





TABLE 86. - CALCULATED FUEL CONSUMPTION - 

NEVr HEAE-TERM 60i FUEL DESIGN 200 PAX/3000 H.MI. RANGE 


Stage Length 
n * mx « 


3 500 


Block Fuel Consumption 


gal 


seat-n.Dii 


gal 


TABLE 87. - 


seat-n.mi. 


38.83 


45.35 2790 

51.81 2Ulil 


3.50 57.14 


21 900 


4l 500 
62 300 


83 477 


13 760 


CALCULATED TOTAL OPERATING '’OSTS “ 

NEW NEAR-TERM 60<^ FUEL DESIGN 200 PAX/3000 N.MI. RANGE 


Stage 
Length 
n .mi - 


Block 

Speed 

kt 


Total DOC* 

$/blk-hr 

<^/seat-n.ird . 

1338 

3.41 

1265 

2.44 


Total lOC^ 


$/blk-hr seat“n*mi 


1000 

394 

2000 

4l8 

3000 

429 


1045 

1.21 

750 

1130 

1.55 

1450 


15^/gal Fuel Cost 
























































TABLE 88. - CALCULATED TOTAL OPERATING COSTS - 

NEW NEAR-TERM 60i FUEL DESIGN 200 PAX/3000 N.MI. RANGE 


Block 


Speed 



Tot a 

1 DOC* 

$/'bik-hr 

i^/seat-n.Bii - 

1492 

3.80 

14: . 

2.76 

1360 

2.06 

1314 

1.80 

1268 

1.61 

1234 

1.47 

1232 

1.44 

1240 

1.43 

1320 

1.81 



Total lOC*^ 


$/blk-hr 0/seat-n.mi, 


.70 


4.97 


2.72 


14U4 1.97 

1129 1.43 


1.03 


767 0.89 


780 0.90 


2.02 


3410 


2580 


1800 


861 


1475 


30<^/gal Fuel Cost 

TABLE 8y. - CALCULATED TOTAL OPERATING COSTS - 

NEW NEAR-TERM 60^ FUEL DESIGN 200 PAX/ 3000 N.MI. RANGE 


Stage 
Length 
n,mi . 


Block 

Speed 

kt 


bO<^/gal Fuel Cost 


Total DOC* 


$/'blk-hr (f>/ seat«n .mi . 


al TOC 


$ /blk-hr s eat - I ) . mi . 



3426 


2660 


1840 

1465 


1150 

882 

788 

820 


1500 


8.74 


2 


2.78 

2.01 


1.46 

1.05 

0.92 

0.95 


2,05 














































































TABLE 90. DIRECT OPERATIEG COST BREAKDOWN - 

NEV/ NEAR-TERM 60<f FUEL DESIGN 200 PAX/3000 N,MI. RANGE 




stage 
Length (n.mi.) 


DOC <5/seat-n.rai. 

600 1000 2000 


Total DOC 


0.32 0.30 0.28 


Insurance 


0.07 0,06 0.06 


Depreciation 


0.42 0,39 0.37 


Maintenance 


0.45 0.37 0.30 


Fuel (l5<^/gal) 


0.27 0.25 0.23 


Total DOC 


1.53 1.36 1.24 


Fuel (30«i/gal) 


0.52 0.49 0.47 


Total DOC 


1.80 1.6l 1.47 


Fuel ( 60^/gal ) 


1.07 0.98 0.93 



rhiproducibility of the 
ORT frlNAL PAGE IS POOR 


TABLK 91. 


I’lDTRECL' OPEHATm:u C'JUT BHEAKDOWK - 

UIW IIKAR-'J'ERM FUEI, DESIGN POO PAX/3000 N.MI, RANGE 


IOC 

Component 

Stage 
Length ( n , mi . ) 

IOC i^/seat-n*ml 

100 

?Q0 

HOO 

600 

1000 

2000 

3000 

39*^5 

570 

Si^stem Expense 

0.18 

O.lH 

0.08 

0.05 

O.OH 

0.03 

0.03 

0.03 

0.05 

Local Expense 

2, pH 

1.30 

0.55 

0.37 

0.23 

0.11 

0.08 

0.08 

0.38 

A/C Control Expense 

0,10 

0,0T 

0,05 

0.02 

0.01 

0.01 

0.01 

0*01 

0.02 

Hostess Expense 

0.35 

0.30 

0.23 

0.19 

0.17 

0.16 

0.16 

0-16 

0.19 

Food and Beverage 

0.33 

0.28 

0.22 

0.18 

0.17 

0.16 

0.15 

0.15 

0.18 

Passenger* Service 

3.1H 

1 . Ho 

0.7H 

0.52 

0.32 



0.09 

0.53 

Cargo Handling 

1.55 

0.85 

O.HO 



0.03 


0.05 

0.27 

Other Passenger Expense 

0.22 

0,22 

0.22 

0.22 

0,22 

0.22 

0.22 

0.22 

0.22 

Other Cargo Expense 

0.01 

0,01 

0-01 

0.01 

0.01 

0.01 

0-01 

0.01 

0.01 

General and Administration 

0.58 ; 
1 

O.HO 

0.22 

0.17 

0.13 

0.11 

0.10 

0.10 

0.17 

Total IOC 

8.70 

H.9T 

2.72 

1.97 

1.H3 

1.03 



2.02 


*30i^/gal Fuel Cost 
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\n 





































































TABLE 92. - CALCULATED FUEL CONSUMPTIOH - 

NEW NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/3000 N.MI. RANGE 


Block Fuel Consumption 


seat-n.mi . 


gal 


38.83 




53.33 



100 

3 500 

5.15 

200 

6 000 

It.Al 

Uoo 

10 200 

3.75 

0 

0 

Ik 300 

3.50 

1000 

21 900 1 

3.22 



FABLE 93. - CALCULATED TOTAL OPERATING COSTS - 

NEW NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/3000 N.MI. RANGE 


Stage 
Length 
n . mi * 


Block 

Speed 

kt 


Total DOC^ 


$/hIk“hr i 0/seat-n.in 


Total lOC^ 


$ /"blk -hr (f^/s eat -n . mi . 


3000 

396I4 


1055 


1.2T 


750 

li+50 


2.06 

















































i 


}l 
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TABLE 94. - CALCULATED TOTAL OPERATING CC^TS - 

HEW NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/3000 N.MI. RANGE 


Stage 
Length 
n * mx • 

Bloch 

Speed 

kt 

Total DOC* 

Total IOC* 

$/hlk-hr 

<^/seat-n.mi • 

$/hlk-hr 

^/seat-n.mi* 

100 

190 

1506 

4.00 

3322 

8.80 

200 

252 

i 4 U 5 

2.78 

2600 

5.i4 

Uoo 

322 

1370 

2.12 

1800 

2.79 

6 oo 

355 

1328 

1.87 

1421 

2.00 

1000 

381 

1281 

1.68 

nil 

1.46 

2000 

■ kok 

12k2 

1.54 

847 

1.05 

3000 

hlh 

1235 

1.49 

754 

0.91 

396 U 

1+lT 

12k2 

1.49 

730 

0.38 

570 

352 

1330 

1.90 

1450 

2.06 


*30^/gal Fuel Cost 

TABLE 95. - CALCULATED TOTAL OPERATING COSTS - 

NEVf NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/3000 N.MI. RANGE 





Stage 

Length 

n.mi. 

Block 

Speed 

kt 

Total DOC* 

Total IOC* 

$/hlk-hr 

^/seat-n,mi* 

$/hlk-hr 

^/seat-n.mi. 

100 

190 

1802 

4.78 

3337 

8.84 

200 

252 

1783 

3.48 

2660 

5.25 

4oo 

322 

1743 

2.70 

i 860 

2.88 

600 

355 

1708 

2.4l 

1441 

2.03 

1000 

381 

1656 

2,17 

1132 

1.48 

2000 

404 

1613 

2.01 

867 1 

1.07 

3000 

4l4 

1612 

1.95 

774 

0.94 

3964 

417 

1630 

1.96 

760 

0.91 

570 

352 

1710 

2.43 

1500 

2.13 


*6O0/gal Fuel Cost 



15j 





EAKDOVm - 

Eli DESIGN 200 PAX/3000 N.MI. RANGE 


DOC ^/seat-n.mi . 


600 

1000 

2000 

3000 

3964 

570 


0.31 

0.30 

0.29 

0.29 

0.35 

0.07 

0.07 

0.06 

0.06 

0,06 

0.07 

0,46 

0.42 

0.4o 

0.39 

0.39 

0.47 

0.46 

0.39 

0.32 

0.30 

0.30 

0.47 

0.27 

0.24 

0,23 

0.22 

0.23 

0.27 

1.60 

1.43 

1.31 

1.26 

1.27 

1.63 

0.54 

0.49 

0.46 

0.45 

0.45 

0.5lt 

1.8? 

1.68 

1.54 

1.49 

1.49 

1.90 

1*07 

0.98 

0.93 

0.91 ' 



2.4l 

2.17 

2.01 

1.95 


2.43 





























































TABLE 9T. INDIHECT OPERATING COST BREAKDOWN - 

m-f NEAR-TERM MINIMUM FUEL DESIGN 200 PAX/ 3000 N.MI. RANGE 


Componen't 

"" Stage 


Length ( n . mi . ) 


System Expense 


Local Expense 


A/C Control Expense 


Hostess Expense 


Food and Beverage 


Passenger Service 


Cargo Handling 


ether Passenger Expense 


Other Cargo Expense 


General and Administration 


Total IOC 


IOC <^/seat-n^mi 


1 


0,05 O.OU O.Oh 


0.38 0.23 0.12 

0,02 0.01 0.01 


30<p/gal Fuel Cost 
















































































TABLE 98 . - CALGULATED FUEL CONSUMPTION - 

NEW NEAR-TERM 30^ FUEL LESION UOO PAX/3G00 N.MI. RANGE 


EIqgIc Fuel OonsumptlQii 


Stage Len 

n.M. 


100 
200 
400 
600 
1000 
2000 
3000 
L0i^8 
1300 
TABLE 99. 


gal 


n.mx. 


seat-n.mi . 


6 1|00 


9.88 


58,82 


39 000 


12. k6 



CA-LCULATED TOTAL OPERATING COSTS “ 

NEW NEAR-TERM 30^ FUEL DESIGN 400 PAX/3000 N.MI. RANGE 


Total LOG^ 


^./seat-n.mi . 


■5 _ 


1,80 


Total IOC* 


^/seat-n.mi. 

693 k 

7.9T 


U.30 



2.U9 


1.82 


1626 


1578 


1572 


1595 


1600 


1.32 


0.95 


,82 


0.79 


1.12 


*15<^/ga! PuGl Co 

160 
























































































































Crew 

Insirpane^ 
Depreciation 
Maintenance 
Fuel (15^ /gal) 
Total DOC 
Fuel (300/ gal) 

V . 

Total DOC 
Fuel (60^/gal) 
Total DOC 


[5i7] 






[gga 


DOC ^/seat-n;itti. 


600 

1000 

2000 

3000 

: 4 o 48 

V 1300 

0.19 

: 0.18 

0.17 


0.16 : 

B1 

0.05 

' 0.05 

0.04 

! 0 ,o 4 

0.04 

■ 0.04 

0 .. 31 

0.29 

0.27 

0.27 

0.27 ' 

1^ 

0.34 

0.28 

0.22 

B9 

0.21 

IQ^H 

0.23 

0.22 

0.21 

' 0.21 : 

0.21 

0.21 ^ 

l.l 3 

lira 

0.92 

: 0.89 

0.89 

0.95 ^ 

0.47 

0.44 

0.42 

0,43 

0.43 

0.43. 

1.36 

i.23 

1.13 

1.10 

■ 1.11 ■■,j 

BBI 

6.94 

0.88 

0.84 

0.85 


0.86 

1.83 

1.66 

1.55 

; 1.53 ^ 

mmmm 
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TABLE 103. IWDIEEOT OPIMTIKG GOST BRIAKDOW - 

NEW HEAR-TERM 3:0<^ FUEL DESIGN 1^00 PAX/3D00 N.M:. RMGB 


IOC 


IOC ^/Seat-n.mi .'* 


30i^/gal Fuel Cost 


— Stage 

Length (n.mi. ) 

100 : 

; 200 ; 

4oo 


1000 

2000 

3000 

4048 

1300 

System Expense 

0.l4 

0.12 

O.OT 

o.o4 

IDI 

0.03 

0.02 

0.02 

0.03 

Local E3q)ense 

1.93 

0.82 ; 

0.43 

0.32 

0.19 

0.10 i 

Q,.06 

0.05 

^ 0.15 

A/G Control Expense 

0.05 

0.04 

0.03 

mm 

0.01 ; 

: 0,01 

0.01 

0.01 

0.01 

Hostess Expense 

0.29 

0.25 

0.19 

O.IT : 

0.l6 


Da 

0.13 

0,15 . 

Pood and Beverage 

0.30 

0.26 

IQI^III 

0.17 

0.l6 

0.15 

0.15 

0.14 

0.15 

Passenger Service 

3.14 

1.4l 


0.52 

0.31 

0.i6 

0.11 

OvlO 

0.23 

Cargo Handling 

1.42 

on 

IQQII 

0.24 

0.l4 


0.05 

^ 0.05 

0:,U 

Other Passenger Ebcpense 

0.22 

0.22 

; 0.22 


0.22 

0.22 

0.22 

0.22 

0.22 

Other Cargo Expense 

0.01 

0.01 

0.01 


0.01 ' 

0.01 


0.01 

i 0.01 

General arid Administration 

^ 0.51 : 

: 0.35 


; o.i4 

0.11 : 

0.09 

0.08 

0.07 

0.10 

Total IOC 

m 

MHMH 

jUMJI 

wm 


1.33 

1 0.96 

0.83 


I.l6 
















































































































































TABLE 106. - CALCGLATED TOm OEERATPI& COSTS - 

HEW HIAB-TERM 60^ FUEL DESIG-H 400 PAX/3000 H.MI. RANGE 


stage 

Block 

Length 

Speed 

n.mi. 

fct 


Tom DOG . 


$:/blk-hr ^/seat^n.mi. 


■ ■Tom. lOe* 


-hr 0/ seat-n .mi . 


8 . 


1.19 


300 /gal Fuel Cost 

TABLE 107. - CALCULATED TOTAL OPERATING COSTS ' 

NEW NEAR-TERM 60<^ FUEL DESIGN lOO PAX/3000 N.MI. RANGE 


LenstL 


Total DOC* 


?/bUC“hr 0/seat-n.mi 


Total IOC* 


^/seat-a^ini 


2560 

1.60 

1925 : ■■;:■ ■. 

1.20 


bO^/gal Fuel Cost 









































TABLE 108. DIRECT OPlffiATlHG eO@T 

NEW NEAR-TERM 600 FUEL DESIGN 400 PAX/ 3000 K.MI» RANGE 


Stage 
Length (n.ihl. ) 


DOC 0/seat-n.mi. 


Grew 


Insurance 


Depreciation 


Maintenance 


Fuel {.150ygal) 
■TetaA.'DOG; 


Fuel ( 300 /gal) 
Total DOC 


Fuel (6O0/gal) 
Total DOC 


1000 

1 2000 ! 

0.19 

0.l8 

0.05 

, 0.05 

f 0.32 

0.30 

0.28 

: 0.23 

0.21 

0.20 ; 

; 1.04 ! 

0.95 

! 0.42 

: 0.40- 

li.25 

1.15 

: 0.84 

^ 0.80 

i 1.6? 



0.92 0.98 


0.4l 


.82 


1.54. l.6o 










































































TABLE 109 / 

Ilitr to DESIGN 400 P^/3000 N.MI. RANGE 


Stage 

Length (n. mi. 4 



Exjiense 


Loeal Expense 



0 


0.Q6 


6 


IOC <S/seat^n.^.* 


600 



C Cont 

rol Expense 

:-0'. Oy i 

tEHiSilEll^i 

0.01 

I3S91 90^31 ^E1^9IH3SIBII^^S 


.Hostess Expense : 


Voo'd and Beverage ; 


Passenger Senrice 


Cargo Handling 


Other Passenger Expense 


Other Cargo .Expense 


General and AdMiiistrat ion 


Total IOC 



30^/gal Fuel Cost 




y " . : ■■ 














































TABLE no. - CALCULATED FUEL CONSUMPTION - 
NEAR-TBEM 


Stage Length 
a .mi . 


1300 


TABLE ill. 


10 900 


17 8Q0 


37 200 


71 000 

■ ■ 5.22 

106 000 

5.20 

lh8 389 

5.31 

J +7 294 ■ 

5.35 


Block Fuel Consumption 


seat-n.mx 


n.m. 


9.^H 


8.01 


$,$h 


5.88 68.03 


76.63 


seat-n.m 


- CALCULATED TOTAL OPERATING COSTS - 

NM I'JEAR-TERM MINIMUM FUEL DESIGN ifOO PAX/3000 N.M. RANGE 


Length 
n • nix. • 


Total DOC* 


$/hlk«l^ ^/4eat>-n.mx. 


Total IOC* 


^/seat-n.mi 


x5^/gal Fuel Cost 















































































































































TABLE DIRECT OPERATBIG COST BREAKDOWfJ - 

IIEn-; MEAR-TEKIv] ^’INIf4U^I FUEL DESIGN 1400 PAT/3000 N.MI. RAIlGE 


DOC 

Component 


Stage 
Length (n,mi . ) 


DGC ^/seat-n.mi. 
60G 1000 2000 


I 


Total DOC 


Fuel (30^/gal) 


Total DOC ' 


Fuel (60^/gal) 


Total DOC 


0.21 0.20 \ 0.18 


Insurance 


0.06 0.05 0.05 


Depreciation 


0.36 0.34 0.32 


Maintenance 


0.36 0.30 0.24 


Fuel (15^ /gal) 


0.21 0.20 








-s: <air. .-; ’r r^-TT'-.-t** siriiT-.' 


TABLE 115 . INDIRECT OPERATING COST BREAKDOWN - 

N®ir NEAR-TERM MINIMUM FUEL DESIGN ^^00 PAX/3000 N.Ml. RANGE 


IOC 

Coiiipoiiont 


^ stage 

— Length (n.mi . ) 

100 

200 

— 

400 

600 . 

System Expense 

O.llt 

0.12 

0.07 

0.o4 

Local Expense 

2 . 02 

0.91 

0.44 

0. 34 

A/C Control ]!b;pense 

0.05 

o.o4 

0.02 

0.01 

Hostess Expense 

0.31 

0.27 

0.21 

0.18 

Food and. Beverage 

0..33 

0.30 

0.24 

0.18 

Fas senger Service 

3.14 

1.37 

0.73 

0.52 

Cargo H^dJ.ing 

1.42 

0.85 

0.42 

0.24 

Other Passenger Expense 

0.22 

0.22 

0.22 

0.22 

Other Cargo Expense 

0.01 

0.01 

0.01 

0.01 

General and A-Ministration 

0.53 


0.20 

0.15 

Total IOC 

8.16 

4.45 

2.56 

1.87 


30v/gal Fuel Cost 


IOC ^/seat-n .ml . 

)0 1000 2000 


0.03 


0.10 


0.01 


- G.16: 


0.16 





i»i* ■ vhrvi A. ,' ; ; 





















































































6 . RECOMMEHMTIOHS OF FUEL SAVIIIG OPTIONS - TASK 6 


The objective of this task was the selection of the airplanes to he employed 
in the air transportation system analysis studies by United Technologies Research 
Center (UTRC)> These airplanes were to include the current aircraft representative 
of the United States domestic fleet and airplanes selected by the airframe manu- 
facturers from the foregoing tasks of the study. The latter includes selections 
from current aircraft operating with procedure changes , modifications to and 
derivatives of current aircraft and all new aircraft desigls CTasks 2 through 5)» 

Because one of the main results of the selection process was to arrive at 
a fleet mix of aircraft for the UTTIG study that was representative of the average 
domestic fleet. United Airlines also submitted fuel and cost data for their fleet. 
In this way, current airplanes not included in the airframe manufacturers Task 1 
studies were made available . 

it became obvious at this stage of the study that, for a set of data to be 
representative of the average domestic fleet, it would necessarily have to 
include data from both the airframe and airline contractors. This in. turn meant 
that performance data based on different sources would need to be made consist- 
ent, The airframe manufacturers used handbook Cl deal) performance levels and 
generated their data using the agreed to flight profiles while the United Air- 
lines data was representative of their fleet experience in day to day operation. 
Coordination among the contractors and Ni^A led to the recommendation that 
the united Airlines service data be used for the evirrent aircraft task and that 
the manufacturers data be used in all of the other tasks with appropriate 
factors applied to result in estimated airline service data for all tasks , This 
method insured that the UTRC objective of estimating future fleet fuel usage as 
realistically as possible was met. 

The fEictors applied to the airframe manufacturers handbook data Cairline 
factors) aecomt for air traffic control delays and routings weather, perform- 
ance deterioration, and the other items which make up the difference between 
ideal and in-service performance. These were develpped by comparing block time 
and block fuel data for aircraft common to both the United and Bouglas data 
base, the DG-IO-IQ and the PC- 8 - 50 . These comparisons, reproduced here as 
Figures ^6 and 57 > show that in terms oi j.*.ock time, the differences between 
handbook and in-service were in close agreement; fpf both aircraft. A shift 
was noted in the block fuel comparisons, and it was assvmied to be caused 
the difference in service life of the DC-10-10 and the DC-8-50. The DC-10 
aircraft in the United fleet showed closer correlation with the handbook cal- 
cula.ted block fuel data than the DC-8-50 aircraft which are Considerably older* 
and presumably, experiencing more performance deterioration. It was therefore 
decided to use an average factor based on these data as indicated by the fairing 
shown in Figure 57 to arrive at a mid-service life fleet of aircraft. 

The airline factors plus the aircraft options to be considered in the 
UTRC fleet system studies were developed at a coordination meeting held on 
August 11 and 12 , 1975 » between the contractors and the NASA technical monitor. 

As discussed above* the factors are those shown in Figures 56 and 57, The 


f 
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aircraft options to be considered in three of the five Glassifications in the 
UTRC stu%’, the soxnree of these data and the usage of the airline factor 
were also determined at the coordination meeting. For coit^leteheSs , these 
data as originally released by RASA are reproduced here as -nables ll 6 , 117 » 
and 118 . In Table II 6 , Current Aircraft , note that an airline fuel factor was 
also applied at a constant percentage to the existing wide bodied aircraft . This 
was done to adjust the United Airline's data on these aircraft to mid-service life. 
Also note that in Tables 117 and II 8 , Modif i sd and TJerivative Aircraft , respectively 
although usage of the airline factor is not specified, both the block, time and 
block fuel factors were to be a p plied to these data as supplied by the aifframe 
manufacturers. These airline adjustments are discvissed in Reference h. 

Agreements on the remaining two tasks, Task 2, Operational Procedure 
Changes, and Task 5, New fear-Teamx Aircraft, were also concluded at the 
August 11-‘^12, 1975 coordination meetings 

Iiockheed and Bouglas agreed on further coordination to (. 1 ) develop a list 
of fuel saving operational procedures which could be applied by iKERC bu a basis 
consistent with their adopted baseline aircraft data, and (. 2 ) determine if 
common Iiockheed/Doxiglas new nesu^-djeria aircraft perfoimaiiGe data could be derived. 

A list of percentage fuel savings for each aircraft in the UTRC base was devel- 
oped for both the current air traffic control system and an advaneed air traffic 
control system. These data are reproduced here as Table 119, An important 
point here is that it was not the intent of this study to identitfy the costs 
involved with an improved ATC System; rather the fuel savings which would be 
possible if such a system existed were to be identified* lii this way, any 
large cumulative fuel savings resulting from the UTRC stupy could serve as an 
incentive for further study in this area. 

Hn the new near-term aircraft of Task 5» it was determined that a common 
set of performance data could be generated from, that developed by each airframe 
manufacturer. The derived airplane geometries in each of the payload/range 
classes were in close agreement so that average values of block fuel, block 
time and operating costs were reasonable to assume. ’The minimum fuel designs 
differed in the wing sweep parameter. The Douglas designs ineorporated a 
straight wing whi le the Lockheed designs used a quarter chord sweep angle of 
25 degrees . It was determined that the Douglas minimum fuel designs could 
possibly be oversized for present airports due to their large wing spans and 
in addition their low cruise Ifech numbers mij^t be incompatible With current 
airline fleets. On this basis, the Lockheed swept W'ing designs were used with 
the fuel and cost data modified to retain consistency with the averaged 
minimum cost design airplanes. 
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DIFFERENCE, OP&RATIONAi EXPERISNC^ 

Handbook data 

























Airline Factor? 

Aircraft Data Source Time Fuel 

Existing: 

DC-9-10 DAC Yes Yes 

T27-1O0 UAL No No 


DC^8-50 CTGT-120B, 720B) 
DC-8-62 (707-320B) 

DC-8-61 

DC-8-20 (880, 720) 

747-100 

Existing & Eligible for New Buys : 
DC-9-30 
737-200 
727-200 

DC-10-10 (L-lOll-l). 

747-200 


UAL No No 

UAL No No 

UAL No No 

UAL No No 

UAL No Yea ( 3^ :^) 

. DAC . Yes Yes 

UAL No No 

UAL No No 

UAL . . . No Yes {kh % ) 

UAL No Yes ( 3^ 






Aircrafi; 


ModificatlGn 


i 


i 

i 



A’ rerage 
Fuel Saving 


* 

Wingtip extensions (2-1/2^) and \ 


engine afterl>ody ( 3-1/2^ ) 1 

1-1/2% 

Winglets ( ) , wing root fairings i 


and drag cleanup {3%) 1 


Winglets (2^) and. drag eleanup (3^) 

. . 

Winglets {2%) 

2% 

Winglets (l-l/25^) and drag cleanup 


{2-1/2!?) 

k% 


EITROFIT MODIFICATIONS 
AERO AND ENGINE 

(Includes all modifications in. previous "Aerodynaraic Only Retrofit 
Case” witR tiie folloTOng additions:) 


Aircraft 


Modif icat ion 


Average 
Fuel Saving I 


DC-8-20 


DC8r-50, 61 
(70T-120B, T20B) 

DC8-62 

(7G7-320B) 


Winglets , drag cleanup and JT8D 
Refan 

Winglets, drag cleanup and JT8D 
Refan 

Winglets and JT8D Eefan 




\2.% 












TABIiE 118 , - DERIVATIVES - UTRG STUDY 


Aircraft. 


Passenger . 
Payload 


(n.jnl. 


Passenger 



DC9-50 with winglets 


DClO-10 D1 


L-IOll Short Body 


DCIO-UO D1 
(DClO-30 + 

30 ft stretch, 
lO ft wingspan 
extension and 
winglets ) 


3500+ 


L-1011 Long Body 


T2T-300 



reproducibility of the 
hrMNAL PAGE 18 POOR] 









[waMgyj 


mm 



Desig- : 
nation 

Bee- 

(JAB Av* 
Block 

Aircraft 

. OTRO 

line 

Distune 

■ Model 

Study 

Mach 

{ n viTii , ) 


Jn Production 

DC-9-30 

B737-2b0 

5727-200 

DG-lO-10 

L-lOil-i 

371^7-200 


02BLBD 

d2ELBB 

CSEliB 

G3BHB 

ellEHB 


Out of Production 
DC-^9-10 . Sa 

B72T-100 S 

DC-e-26. „ 

(CVflSO, BT2Q) ■ 

OC-a-5G « 

CBiaOB,720B) 

DC-G-62 g 

(B7O7-32OB) 


DC-a-61 


Percentage Reduction: in. Block Puel 


With Current A^C 




With Improved ABC 

improved 


Reduced Delay b 

i^ . . . . 

Engine 
: Standard 

Climhing 

Cruise 

: Holding ; 

Terminal . 

■ 

0^ 

1.6 

2.5 

0,5 


1.7 

2.7 . 

0.5 

0.1 

■ 1.1 

: 1-7 

1.0 

; o:.h 

! 0.7 

■ : i.'Q 

: 1.0 

0.5 

o.h 

: 0-5 , 

:• 0.5 

0^ 

1.5 

: 2.6 

0.5 

0,1 

l.:0 

1.7 , 


0.2 . 

0.5 

; 0.4 

0.3 

Q.k 

0.5 

1.9 

0,2 : 

0.5 

0.t( 

0.3 

0.4 

0.5 

1.9 

0.2 

. . 0.5 

■ Q.h 

0.3 

0.1( 

i 0.8 

1.9 

0.2 

: 0.5 

\ o.h 

0.3 

0..4 

0.8 

1.9 
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7. GOUTRACT FOLLOW-ON 1985 TORBOPROP/TUBBOFM AIRCRAFT STUDY - TASK 7 


The fuel saving advantages of the turboprop propulsion system, identified 
in Task 5 t led to a modification to the contract encompassing additional follow- 
on studies of this propulsion system. The tiuboprop airplanes studied in Task 5 
were limited to cruise speeds in the MaCh 0.6 to Q.7 range by the conventional 
propeller designs employed. Utilization of These state-^of-the-art propellers 
was dictated by the I960 service introduction date specified in Task 5* Because 
Operation at Mach 0.6 to 0.7 is not practical in the current sdr traffic con- 
trol environment and since the longer block times adversely affect direct 
operating costs by increasing crew costs and decreasing utilization, the 
follow-on study envisioned turboprop operation at a more compatible cruise 
speed of Mach O.dO. 


Conventional propellers exhibit a sharp falloff in efficiency beyond 
approximately Mach 0,65 as the compressibility effects on the blading become 
significant . A new design high Speed propeller which delays these compress- 
ibility effects to higher Mach numbers has been identified by the Hamilton 
Standard Division of United Technologies Corporation (Refs. 5 and 6), This 
concept , designated the Prop-Fan , is a raultibladedi highly loaded and variable 
pitch propeller that is envisioned to be used with an advanced turboshaffc 
engine. The blades are thin, incorporate tip sweep, use supercritical airfoils , 
and are integrated with a spinner /nacelle shape designed to reduce the speed of 
the axleO. flow through the blades . The Prop-Pan would be able to operate at 
Mach numbers competitive with the turbofan. Figure 58, showing an airplane 
model developed under Lockheed independent development funds , typifies the 
Prop^Fan installation concept. 

The objective of the follow-on effort, identified as Task 7 was to examine 
the potential of this new proptilsion system when installed ip an advanced tech- 
nology airframe. Com of a prbpfan powered airplane with an equal technolbar 

airplane equipped with turbofan engines was the method used to assess the potential. 
The desired result of this comparison was the definition of the research and 


technology required to ultimately implement the propfan concept assuming that 
adequate benefits were shown. 

In order to ensTire that realistic propulsion data were utilized in the 
comparisons , an engine and propeller nfenufacturer were employed as subcontract 
tgrs for this task. Both the Pratt and Whitney and the Hamilton Standard 
Divisions of United Technologies Corporation Were included, and in addition, 
Fastem Air Lines was employed as consultant. Pratt and Whitney ' s responsibility 
included the supply of engine data for both the JTIOD turbofan and a remstched 
version of the STS476 turboshaft engine. The JTlOp is a ten tonne engine of 
high-bypass ratio which exhibits specific fuel consumption levels comparable 
to current high-bypass engines such as the RB.211, JT9D, and CF-6. The STSk76 
is a Pratt and Whitney study turboshaft engine with component technologies 
Comparabie to the JTIOD. Hamilton aahdard had responsibility for performance 
data on the Prop-Fan including assistance in the selection of the specific con- 
figuration (disc loading, blade number, and diameter) to be employed in this 
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stu^y. Eastern Airline’s role as consnitAnt included overall study assessment 
from an airline operators standpoint. As the largest current operator of the 
Electra turhoprop aircraft, their ecperlence was sought in the area of 
passenger acceptance, maintenance and costs. 

Ground rules estahlished for the comparison study are shovn in Table 120. 

To take advantage of the extensive parametric study performed in Task 5, the 
airplane size of 200 passengers and the mission range of 1500 nautical i^les 
Were selected from the payload/range specified hy the KASA in that task. The 
parametric airplanes of Task 5 were wide-'- odied airplanes with four wing 
mounted engines ; this configuration was maintained. An initial cruise altitude 
capahility of at least 30 000 feet was chosen to maintain acceptahle ride 
quality and to assxire compatibility of the new design airplanes with a fleet 
composed of einrent and/or proposed transports. The field length and approach 
speed shown in Table 120 were selected from the ground rules used for the 200 
passenger/1500 nautical mile range airplane in the Task 5 stiidy. 

The seleet ion of a four engine design was questioned at the onset of the 
study since in terms of the size classes of turbofan engines currently avail- 
a'-le or, proposed, a trivet design would be suitable for the design mission, 

Since the propfan concept results in much, smaller diameters than conventional 
propellers, more latitude is available in terms of engine placement. Location 
of the propfan on the aft fuselage or tail surfaces is not therefore precluded 
because of diameter. The additional complexity of the aft mounted configura- 
tion, with possible adverse impact on fuel usage, was the deciding factor in the 
selection of the wing mounted configuration . For purposes of comparison , it was 
decided that the turbofan powered airplane should also incorporate wing mounted 
engines i The fact that this selection rei|uires scaling of the JTIOD turbofan 
engine to a smaller size not at present envisioned tot production Was not seen 
as a compromising factor. 

The ^neral approach taken in the study is shown in the block diagram pre- 
sented as Figure 59* As discussed previously, the basic design configuration of 
the study airplanes was obtained from the parametric design studies of Task 5* 

A reoptimization of these baseline designs to include technologies commensurate 
With the desired 1985 service date was used to refine both the turbofan and turbo- 
prop designs. The final turbofan design, including the detailed performahce 
characteristics , Was detemined at this st£^e of the study and the remainder of 
the effort was devoted to the detailed design and performance computations for 
the turboprop airplane. The general thrust requirements of the turboprop air- 
plane were defined from the reoptimization st^udy and further parametrics were 
used to define the sensitivities of airplane sizings to propeller diameter/disc 
loading. Using these data, the subcontractors, Pratt and 'Whitney and Hamilton 
Standard rematched the engine and propfan system to meet the airplane require- 
ments . As shown in the last block in Figure 59, final aircraft assessments , the 
comparisons and the sensitivities to changes in the basic parameters were the 
concluding effort performed. 


Selection of the 200 passex^eir/l^dO nautical M class of airplanea froiii 
Task S narrowed the choices to four point-desii^ airplanes; those destigned for 
ininijntmi difect operating cdst at the three ftiel prices plus the i!iinim» 
airplane. The airplane designed for minintum direct operating cost with 6o cents 
per gallon fuel was selected with concurrence of the hASA as the haseline design 
for this study. The aspect ratio of this design » 9*9 » was rounded to 10 and 
the wing thickness was modified to 12 percent from 13* t pereent. The thickness 
revision was due to resiilts ohtained froitt a refined proeess for drag analysis 
that hecame available. This procedure is dooinnented in Reference J and reBults 
in a less optimistic drag level for wings employing supercritical airfoils. 

Table 121 presents the advanced technologies incorporated into the baseline 
dfisii^s. Extensive in-hbuse and contract studies (Eef. 8) indicate tbat for 
the 1985 tiine period* advanced con^osite materiais; will not be generally avail- 
able for widespread replacement of aluminum in primary aircraft structure ; 
thus, usage is limited primarily to secondary structure. Because development 
and manufacturing costs can negate the structural and wei^t benefits of 
advanced materials, only cost effeetiye structure was considered. Preliminary 
enaiysls indicates the savings offered by composites are in applications that 
are suitable for either turbofan or turboprop aircraft. Therefore both aircraft 
concepts were treated equally. 

In the study airplanes , secondary structure employing composite materials 
includes the fixed wing leading edge , fuel tank baffles, floor supports, interior 
doors, and dividers . The total empty weight reduction attributed to composite 
structure is 3.3 percent . While this reduction is small, it should be noted 
that resizing of the airplane is not included. The reduction in the fuel 
required to perform the design mission results in a general reduction in 
aircraft size and commensurate costs which could be credited to the use of 
composite materials. 

Active controls can be used to conserve fuel for either turbofan of turbo- 
prop aircraft by allowing smaller , lighter airframes to accomplish the same 
mission. A three percent reduction in wing weight was obtained in the study 
airplanes by employing active ailerons to provide maneuver and gust load 
alleviatipn. This weight reduction occurs due to an inboard transfer of span- 
wise wing loads during critical maneuvers and gust loads. Relaxation of the 
static stability margins through the use of an active horizontal tail results 
in a reduction in tail size and a corresponding 30 percent reduction in tail 
weight , The automatic pitch control system can be incorporated to handle 
power-on effects which will be present with the turboprop installation. Total 
empty weight reduction due to incorporation of active controls on the study 
airplanes was 1.2 percent. 

Incorporation of advanced composites and active controls commensurate with 
the 1985 study airplane time period resulted in a total empty weight reduction 
exclusive of resizing effects of ii^.5 percent. To t ccount for these weight 
benefits and also for the incorporation of the specific engines selected for 
both the turbofan and the turboprop design, further parametric studies were 
performed. For both airplanes, variations in wing and power loadings combined 



•with the mission constraints 'were xised to define the point design aiiriahes. 

In each case minim u m direct operating cost ■was used as the selection criterion. 

7»1 Turhofan Concept 

Figure 60 depicts a summary of the parametric study used to resize the 
turhofan powered airplane. The minimum direct operating cost airplane is seen 
to he determined hy the approach speed constraint, all airplanes which fall 
helow the dashed line A in Figurd ^0 •violate this constraint. If higher 
approach speeds were acceptahle, the direct operating costs could he reduced 
to the minimum sho-wn. The initial cruise altitude capability of 30 000 feet 
shown as the dashed line B would then limit the design slightly hy requirihg a 
greater thriist to weight ratio than the absolute minimum operating cost airplane 
shown. The 135 knot approach speed constraint -was not relaxed thus assuring a 
design compatible •vd.th the current wide-bodied aiiplanes. Note that this speed 
is that •which ■would be reali'^ed at the landing "weight for the design missipn. 
Speeds in excess of 135 knots •would be attained at the shorter mission ranges 
when the payload carried exceeded the full passenger complement of 200. It 
was found that the desired taheoff field length of 7000 feet can be achieved 
by ail of the airplanes represented in Figure 6o. 

51ie point -design turhofan airplane concept is shown in the general arrange- 
ment drawing of Figure 6l. !Hie aspect ratio 10 and sweep of 25 degrees for 
the supereri-tieal wing are, as discussed previously, the results of the minimum 
operating cost /high fuel cost en'vlronment design philosophy. The very small 
horizontal tail surfaces are the result of the incorporation of active flight 
controls to allow relaxed static stability. Wheii comparisons are made With 
the L— iOllj it should also be noted that a relatively longer tail arm results 
since the mounting of all of the engines on the wing of the CL 1320-»ll inpftng 
that the wing is positioned considerably more forward on the fuselage. This 
"weight and balance effect is an additional factor which, when combined ■with 
the acti"V;e controls concept, allows the reduced tail size. As shown in 
Figure 6l, the other aspects of the design are conventional. The fOUr engines 
are mounted under the •wing on pylons; this arrangement ha-ving been pro'ven to 
offer the lowest drag and interference penalties while offering siqperior 
maintenance accessibility. In the GL 1320-11 dfsign, engine ingestiGn of rtinway 
debris is not a concern; the clearance between the ground and the lower inlet 
lip is 76 inches. Part of this clearance is the result Of the landing gear 
length being designed to maintain adequate tail clearance on aircraft rotation, 
but it is also partly the result Of the relatively small engines required. As 
pre-viously noted, the Pratt and Whitney JTlOD-2 engine was scaled for •this 
application; the resulting sea le'Vel static thrust rating is lU 672 po'unds per 
engine. 



The general characteristics of the CL 1320-11 turbofan design are shown 
in Table 122. Note that the takeoff weight has been considerably reduced from 
the "weight required in the Task 5 ^rplane of the same mission capability. A 
latfge part of this reduction is the result of incorporating composites and 
active controls in the CL 1320^11, and the subsequent resizing of the aiiq)lane. 
This weight Improvement is of course significant in providing additional fuel 
conservation in the CL 1320-11 design . 
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Itogine featiuc'es of the scaled JTlOD-2 turbofan engine are highlighted in 
Table 123. This engine has an over^.1 presstire ratio of 28:1 and a maximiim 
combustor :exit teijtperature of 2lf00 Since the JTlOD-2 is an engine in the 

advanced development stagey detailed performance data including sealing capability 
were already available. CGncurrence from Fratt and Whitney in the use of the- data 
plus additional costing and maintenance data relative to the stv’.^ turboshaft 
engine were obtained^ 

7.2 Tinrboprop Concept 

T)hile the turboprop airplane can, in general, retain the geometry of the 
turbofan design, several considerations must be t^en Into aceormt in its 
design. Tlie propeller diameter, slipstream effects , the nacelle desi^, 
propeller induced loads, and acoustic treatment are all turboprop-unique 
eons i derat ions that must be dealt with. The Pirop— Fan concepts being studied 
by Hamilton Standard include various propeller configurations in terras of blade 
nrtraber and tip speed. At the initiation of this study, their efforts indicated 
that an eight-bladed Frop-Fan operating at a tip speed of 800 feet per second 
was near optimum. Blade number and tip speed were therefore held const ant . 
Installation guidelines also developed by Hamilton Standard were applied where 
appropriate. 

7.2.1 Installation considerations . - Selection of the propeller disc loading 
and diameter is dependent upon the tradeoff between propeller efficiency and 
installation weights find the impact on airplane performance, A first approxi- 
mation of these effects was obtained by cohsideration of the propeller weight 
plus mission fuel required variation with disc loading. This data is shown in 
Figure 62. Although the propeller efficiency increases as disc loading is 
decreased, the weight effect of the larger propellers effectively shifts the 
best disc loading to a higher value. In the Figure 62 data the best efficiency 
disc loading of approximately 26 horsepower per square foot becomes 36 horsepower 
per square foot when propeller weight is included. ITote that these data are 
presented for Mach 0.8 cruise at 30 000 feet; disc loading varies with speed 
and altitude as a result of the horsepower changes * Three disc loadings , 
selected as indicated by the arrovra in Figure 62 , were theri used in sensitivity 
studies to determine the variation in airplane performance. 

The propeller sensitivity studie.i involved the parametric design of a 
large number of additional airplanes . For each of the selected disc loadings , 
the wing and thrust loading were varied in a fashion similar to that described 
previously (see Figure 60 for example). The same constraints in terms of 
altitude capability, approach speed, and takeoff field length were also 
employed. The characteristics of the optimum airplanes obtained for each 
propeller disc loading were then combined to arrive at the summary dat a shown 
in Figure 63. This curve represents an envelope of the airplanes selected from 
the parametric design studies again using minimum direct operating dost as the 
criterion. Even though the resulting variation is quite insensitive to 
propeller diameter, the smallest diameter gives the lowest operating cost. 

Note that the block fuel shown in the t^er portion of Figure 63 is minimum at 
a larger diameter than is the case for the operating cost . The cost of the 
fuel saved does not oorapeneate for the higher initial price paid for the 
aircraft with a larger diameter propeller. 
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Figure 6h shows a detailed 'breakdown of weight effects which produce the 
performance venation with propeller diameter* Npte that the weight scale has 
been ej^anded: here to better tof ine the small differences, ihe prapelier 
weight penalty paid far the improved efficiency of larger diameter is the miov 
factor in driving the selection to the Bmaller diameter. This penEilty is 
magnified as shown 'by the additionai weight penalties Which accrue WSen the 
larger diameter propeller is installed cai the airplane* Additional Structure 
is necessary In the components such as the gearboxes « nacelles , and the wing. 

All of these weight effects are imdi;iplied and each of the Other airplane 
structures are impented as resizing is required to maintain the design mission 
range:. The con^nent >diich decreases in weight ah the 

propeller diameter increases ; this is caused by the smaller torque requirements 
of the more efficient propeller. 

Several nacelle configuration*' were considered in the design of the turbo- 
prop airplane. Representative configurations are shown in Figure 65 . Of the 
over-wing designs studied, the one which employed an offset gearbox as shown 
at the upper left portion of the figure was Judged superior, but it was rejected 
because of the possibility of excessive nacelle /wing interference drag and 
poorer accessibility compared to an underwing design. Of these latter configu- 
rations, the one with an inline gearbox (t^per right portion of Figure 63) was 
eliminated due to the larger crereil nacelle size dictated hy the length of 
tbe inlet duet required tb obtain a smooth airflow at the engine face. Annular 
inlets were also epnsidered* bub the scoop inlet, as used in the selected 
configuration^ offers superior inlet pressure reeovezy, The offset gearbox 
employed in this configuration allows a more direct flow of air to the engine 
While beeping the required inlet length to a minimum. The aerodynamic shape 
of the nacelle is determined by the desired flow velocity through the root 
sections of the propeller. Guidelines es'^mblished by Hamilton Mandat'd were 
t^ilized. It is e:q^cted that the aerod^amic shape will dictate the overall 
nhcelie size rather than any limitations imposed by the housing of necessary 
internal components. 

Con^arison of th^ selected nacelle configuration with the Loeldieed Elect ra/ 
P-3 nacelle. Figure 66, shows the remarbable similarity in physical size even 
though the study turboprop produces over twice the shaft horsepower. Likewise , 
a comparison of the turboprop and turbofan nacelles of the final point-design 
airplanes shows the same similarity in physical size. 

Propeller spacing guidelines postulated by Hamilton Standard, Figure 67 » 
suggest an 80 percent diameter clearance between the fuselage and the inboard 
propeller to help alleviate passenger cabin noise . This compares to less then 
a 25 percent clearance on the Electra L-I 88 . For the 25-degree wing sweep of 
the study airplane, the spacing between propellers is 33 percent diameter, 
again considerably more than on past turboprop airplanes. A six-foot clearance 
from propeller to ground was also specified. These guidelines were all con- 
sidered In the final design point propfan airplane . 


As a result of the Alaoieter sensitivity studies vhich led to the Sidoption of a 
sntall propeller diameter, the landing gear lexigth heeded to laiintalh the slx-» 
foot ground clearanee Uas not critical. Ic the ;^nal selected elrplane desi^, 
the pro^^l^er clearance escceeds six and is nearly idehtlci^ to the inlet 
to ^ound clearance of the turhof an airplane. Figure 68. !!^e landing gear 

len^h for hoth airplanes vas dictated hy the limiting aircraft rotation an^e 
on takeoff (12 de^ees). 

7.2.2 perfOCTance considerations. - The hasie characteristics of the turbo- 
prop InsteUation introdUOe differences thSb require careftfL perform^ce 
accountability uhen con^acsed to the turbofan aliplane. The most ottious of 
these is the drag treatment to allow for propeller Slipstream effects . The 
Velocity Increment in the slipstream will cause an Increase In the friction 
drag of the nacelle and that portion of the wing immersed in the slipstream 
(scrubbing drag). For the propeller diameter selected in this sttdy, the 
velocity inerSment amounts to approXlmiteiy to feet per second for the t&ch 6.80 
cruise Case, giving an 0.8 percent increase in total aiiplahe dfag. 

!^s same propeller slipstream velocity increment will else oreete higher 
local lift oyer the Immersed i^rtioh of the wing, T&ich will relieve the lift 
generation required by those portions of the wing outside the slipstream. This 
vili offer a reduced wing Sngle-^of-att ack requirement and a favorable drag 
ehausd* estimated vO be 1.7 percent of airplane drag. 

Its effects of propeller slipstream on drag rise Characteristics of swept 
supercritical wing aircraft have not been established at this time. Available 
informatipn on conventional wiegs differs widely i \d^s these effects would 
generally be considered to be unfavorable, beneficial effects were shown for 
a swept, high aspect ratio wing in Reference 9. This disparity may be because 
on swept wing airplanes the propeller disc plane is further forward of the wing 
leading edge. In view of these confLictlhg trends, zero influence of slip- 
stream velocity on drag rise has been assumed. If necessary, local wing or 
nacelle contouring may offer a means for alleviating a possible problem. 

Buoyancy or blockage effects of the splnner-nacelle-wlng components on 
propeller performance were treated analytically. The reductions in propeller 
disc inflow characteristics were determined and their influence on propeller 
performance was predicted by Hamilton Standard. The impact is included in 
the installation effects. 

Hacelle/wing interference is another area where the turboprop installation 
presents potential difficulties since the nacelle will be located closer to the 
wing. A wide range of data can be found. Figure 69 presented is the increase 
in nacelle drag when tested in the presence of a wiUg over and above that which 
is measured for the Isolated nacelle. With conventional pylon-type mounting 
used in current turbofan installations, nacelle/wlng interference is minimized. 
On tbs other hand, the Electra L-188 and past experience (Reference 10) indi- 
cates excessive interference drags for large nacelles near wing surfaces. Tests 
conducted on the Lockheed Jet Star slipper fuel tank, a configuration not unlike 
the proposed turboprop Installation in terms of forebody length to diameter 
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ratio, indicated slightly over 20 percent Inerease in the tanJc drag wheh 
installed on the wingi A conservative increaBe in nacelle drag of 30 percent 
vas selected for the study airplane pending definitive tests. 

During takeoff and other power-on flight conditions, the extended flaps 
and lauding gear can interfere with the propeller ahility to produce thrust hy 
presenting a hlockage in the propeller slipstreain. Tahle 12k shows a con^ari- 
son of the thrust interference factors Used in this study with those of past 
propeller ch*iven aircraft. The flap interference factor whs deteitiined hy 
consideration of the geometric relationship of the flaps and propeller, ihe 
relative size of the propeller and flaps is expressed as a ratio of the flap 
chord to the propeller diameter while the distance hetween the propeller disc 
plane and the flaps in^ their extended positions is nondiTnens ionalized hy 
dividing hy the propelier diameter. The relatively larger flap chord and 
small propeller diameter of the CL 1320'!-15 tin:hoprop design give higher dimen-^ 
sional ratios and thus a larger Interference factor as shown. Also noted is 
the fact that the landing gear Of the present design offers no interference 
to the propelier as it is completely outside the slipstream. 


35ie acoustic environment at the external fuselage wall caused hy the prop-^ 
fan operating at supersonic tip speeds dturing cruise differs from the more 
familiar situation of earlier turboprop installations, The nature and character 
of the shock wave patterns shed from the propeller plus the frequency of blade ; 
passage and its associated harmonics become the domii'-ant characteristics which 
must he considered. In this study, sufficient analysis was accomplished to 
independently predict the sound levels at the external fuselage Wall for the 
selected propfan configuration. However, further trade studies on hlade number, 
tip speed, tip to fuselage clearance, and fuselage diameter will be required 
in the future. 


Figure TO shows how, ^en Operating at a supersonic helical tip liach 
muuher, 1%, an external sound press\ire is generated "by impingement of the 
pressure field between the shock waves which have a fixed position relative to 
the rotating propeller hlade. The pressure signature on the cabin Wall has at 
any instant of time a sonic hoom type N wave distribution along the streamwise 
direction hetween the how shock and the trailing edge shock, The time 
dependence at the fuselage is caused hy the blade rotation. Notice that the 
shock wave intersection with the fuselage is aft of the propeller disc plane, 
and moves farther aft as the propeller clearance is increased. 


Figiire 71 gives the necessary geometric data to detemine the coordinate 
transformation between blade fixed coordinates and fuselage fixed coordinates 
at any instant of time as e:^ressed parametrically via the blade position angle 
“ fi-fc. Since the shock strength depends on the si suit olearanGe y* CL which 
depends on, rlt, then the geometry of this figure allows the shock pressure vs 
time for any point on the fuselage to he calculated. The region between the 
two shocks is called the shock impingement region. 
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tEbear^ is ^ sdditlobbX pr^ssuz'e cpmpohent called the scattered (or 
^fleeted) field. The scattered field arises hecauBe the hOtmal component of 
the velocity field caused hy t^e blade must be cancelled at the vali (con- 
sidered rigid). IDs the shock impingement region* this defines the reflection 
factor. Outaide the shock impingement region « the scattered i^eld determines 
the entire sound field. It is found by soiving the subsonic eonvected vave 
egudtipn relative to fuselage coordinates eith the flight speed as the convec- 
tion velocity. The driving force for the scattered field is the negative 
normal component of the free velocity field imposed by the rotating blade in 
the shock impingement region, uhich acts like a loudspeaker diaphragm. 

The analytical procedure used to calculate the external sound pressure in 
the shock impingement region ignoring the scattered (or reflected) field 
consists of two key steps. The first is determination of the pressure time 
history Of the blade passage field 'Which vras accomplished by a superposltipn of 
the individual blade bow shock overpressures . A typical pressure time history 
is shown ms Figure 72. The second step consists of a Fourier aned^is Of the 
time history ^ich provides the sound pressure of the blade passage frequency 
and its harmonies. 

Both blade design and atmospherdc 'v^iables affect the results ^ ' The 
important blade design elements ^e the geometric 'variables of leading edge 
radius, thickness to Chord ratio, end the operational variables Of helical tip 
Mach number and advance angle . These were considered in the analysis idiich 
resulted in the exteznal sound pressure levels shown in Table 12$ ctmtpared to 
those predicted by Hamilton Standard. The sound pressure levels for the blade 
passage f^ei^ency are ir close agreement. For the higher harmonics, the 
Lockheed estimate indicates a roll-off as the harmonic number increases j whereas 
HsmiltOh Standeurd predicts the same soimd pressure level for the blade passage _ 
frequency and the higher hannonlcs. In Table 135 the helical tip MaCh nuniber 
of 1.06 is taken from the Hamilton Standard evaluation of the propeller sweep 
effect for the propfan. 

Fpr the ei^t-bladed, 800 foot per second propfan used in this, study » bd 
■ attenuation of Ub dB is required to achieve the target overall sotssd pressure 
level of 90 dB. Based oh the assumption that the cahin wail exhibits mass- 
like beha'vior , suppression Of the low frequency propeller tones of the order 
' of ho dB la beHeyed attainable. 

Figure 73 demonstrates the approximate frequency ranges associated with 
stiffness control Wd mass control noise transmission loss. The low point or 
dip in these curves is the transition point between the stiffUess control 
region to the left and the mass eontrol region to the righ't aide of the figm^e. 
The nanxnr lines eure based on data obtained from noise tests on a C-130 air- 
plane; the solid line representing the bare untreated fuselage measursnents 
and the dashed line the results obtained vLth a modest acous'tlcal treatim^nt . 

The heavy wlda lines indicate the expected response of the GL 1320-15 tuiboprpp 
the dashed line representing ^at could he achieved with massi've acoustical 
treafcment applied to its double wall fuselage. Note the shifting to lower 
frequeai<^ of the stiffhess to mass eontrol transition point when acoustical 
treotii^t is applied. 


.Antong the Biahy hatiirel modes' of a thin vailed cylinder Is the hreathing 
mode in vhlch the cross section of the cylinder remains circular hut fluc- 
tuates in area (uniformly over its entire length with no nodal lines). The 
natural frecu@hcy of this mode is called the ring frecuehc)^ (^r)* ring 
frequency is equal to the velocity of sound (of the material from Which the 
cylinder is made) divided hy its Circ'umference. F0>r an aluminum fuselage, 
for instance, 

f , 20 600 , 

r "* Circumference ( ft ) ‘ 

Althou^ the hreathing mode is prohahly never excited, it marks an 
important transition point in cylinder dynamic response . In particular, 
immediately above and below the ring frequency lies a large number of modes 
\diose flexural ■wave speed is higher than the speed of sound in air. These 
modes, tdiose wave fronts travel predomihately in the axled, direction, are 
very efficient radiators of sound. Figure Tt illustrates that the modal density 
(i.e., the number of inodes per one Hertz band width) of modes of the above type 
is very high near the ring :^eqUency. The atove considerations suggest that 
it may be unwiss to have a propeller harmonic fall ne^ the ring ffeqaeucy. 
However, existing Informatipn is insufficient to confirm this. It is possible, 
for instance, that even though these modes exist in abundance, the propeller 
noise field ms^r not be capable of exciting even one of them to a significant 
degree. Figure t4 indicates the relStiohship between the ring frequency and 
the first and second harmonics of the blade passage frequency for the CL 1320-15 
turboprop airplane. 

Table 126 shows the analytical ralstionShip used to calOulate the holse 
transmission loss through a double wall in which both walls behave as pure masses 
with no mechanical vibration paths between them. represents the mass per 
square foot of the total wall and pc is the impedance of air for a 6000 foot 
cabin pressurization (approximately 2.2 slugs/ft^s). 

The required acoustical treatment weights derived by tlds method represent 
develppme'ital goals rather than atate-Of-the-aft teChriolo^. It may, for 
example, be necessary to increase the number of propeller blades above those 
currently being considered in order to raise the blade passage frequency to a 
value that will allow the fuselage wall to exhibit mass-like behavior. Struc- 
tural damping may also be required in order to approximate mass-like response . 

The iQ)per curve In Figure 75 provides estimates of the required acoustical 
treatment weight as a function of the externeQ. sotuad pressure level of the 
blade passage tone. The estimate is based on the relationship shown in Table 126 
For a given external sound level , the difference between the upper and lower 
curves represents the increase in treatment weight above that required for an 
airplane powered by turbofans. For the point-design airplane a weight penalty 
of 3089 pounds relative to the turbofan airplane resulted from this additional 
acoustic treatment. The treated area on the study airplane includes the side- 
walls of the entire occupied fuselage because of the concern for shock 
impingement pattern variations caused by flight and atmospheric conditions . 
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7«2.3 . Gisineriai aayahgemant » - SEhe Ihirtio^ . 

peered a^^lan 7l r ihe _ _ 

' ' Qiif ' : ^ii::.ii^;- 1|'0 ' ■:' A^ Xl^i^ch' ^ 

version of the Prait and Whitney STS476 study tnrhoshaft en^ne is used vith the 
12 i€ foot diT^eter ^ight^^ p^opfan wMch xetiiltei ^irp^Lan^ 

synthesis. 

^Tbie 127 prese general, eharact epistles of the prepf an desi^. In 

this te^e "the flgupes for the tnrhdfan airpipSLe pfei^otsly shci^ in fa^ 
are pleated in the lij^t hand colniim for epnparison piuposes^ As noted, the 
takeoff veii^ts pepttiiidad to perfppto the deBi^ tt^ssipn ape neap^ identicai. 

Eowever , the opepatlonel empty weight of the turhoprop design ekoeeds that of 
the turhofan design hy six percent . 

l&ijE^ne features of the scaled STS476 turhosbaft engine, ape shdeh in 
fable 128. OThese data represent the engine as p^iatched hy fratt and Whitn<^ 
for the study aipplahe re(3,uirements and ineihde a new compressor and 

low pressure turbine, in fable 128 the features of the jfl0pn2 eni^s previously 
shown in fable 123 ape pepeated fof conpafisoh. As sbown the sea lei^ static 
tlu^;tst ratings ane neariy e%Ual t Note , however * that the staxiiaum rating for the 
turboshaft engine ocenps at the beginhing of climib; th^^ for the two shaft 

horsepower ratings shown. While the combustop exit temperatures are equal, the 
overall j^es sure r of the S3BU jS ehgihe ts lower as the pesult Of the loss 
of fan supercharging. While methods of pegaining the supercharging at the cost 
of additional. cotnGPimxity ^e av^lahle With an atteni^t gain in SFC up to 
approxlinately three percent, Fratt and Whitne^ did not make this diange fop this 
Study, fhe flnaL technicai menmipandum xeceived from ^att and Whitni^ discusses 
the turheshaft engine in more detail and is ineluded in this report as 
ilppendix A. ' ^ 


Figure 77 sUnOmpdOes and CQii^l^es the installed thrust ratings of the 
tuphqprop and turhofan engines. Note that even though the static rating of 
the turboprop engine is lowers it deveiopS a higher thrust as the ground roll 
coonnenees. This is the po suit of the blades being in the stalled condition 
initially. The chcc^acteristic higher lapse rate of turhOshaft engines is Ohown 
on the light side of Figure 77 which compares the maximum climh power of the 
two engines Rs altitude is varied. 

Table 129 sbows the difference in the installation losses assessed for each 
of the propulsion systems. Note the absence of compressor bleed on the turhP'^ 
prop syst^; sir conditionln(V and pressurization are handled by mechanical 
drive alone. Other differences to he noted are the absence of the fen 
duet loss on the turboprop and the addition Of gear efficiency* 

7.3 Performance, Economic and Characteristics Ccmiparlsons 

At this stage of the stuc^, the turbofan and turboprop powered airplanes 
had both been developed using 1983 levels of technology. Both had been designed 
to the same peyload-range requirements and to the same mission constred.nt8 . The 
airplanes are competitive In terms of cruise speed, cruise altitude, and block 
■ time, and both offer equal passenger comfort. ' ■ 


Significant differences appear 'vdien the fdel and cost to operate these 
aircraft Enre cotip^ed* Shese parapet ex’s 'were compared at the pa^ioad/ras^e 
points denoted in Figure T8 hjr the circles. _ The shaded area ih this figure ' 
represents the typical bperational mlssip^ an ai^^ihe might schedule 

the stu^ aircraft. At 'the full design passenger payload and at the design 
range of 1^00 nautical Mies, the turtOprop airplane cons'umes 17.§ percent 
less fuel 'With a ?.3 to 6.2 percent lower direct operating cost, as shotm in 
Figure t9> The direct operatihg cost conparisons are made for ^ei at the 
design cost of 60 cents per gailoii, and also at a fuel cost of 30 cents per 
gailon* If the coipeUrison in^serriee stage length of 

4T5 nautical miles with the study load factor of 58 percent , Figure 80 shows 
that the turboprop airplane uses 20. U percent less fuel while offering 
operating cost advantages of 8.5 and 5*9 percent for the 'two fuel costs . 

These differences in fuel and operating coats are caused hy differences in 
engine specifics, end airplane weight and drag. The most pronounced difference 
here is in the propulsion systems . At maximum cruise power the STS4 t 6 turbo- 
prop engine has better than a 19 percent lowet- specific fuel consumption while 
at the maximum climb power setting the difference exceeds 26 percent on the 
average end exceeds 30 percent at the lower altitudes,, as noted in Figure. 8l. 
Since climb represents a much larger percentage of total mission time on the 
shorter U75 nautical mile mission (nearly 32 percent) compared to the 15OO 
nautical mile dfrsi«pa mission (12 percent ) , greater fuel savings for the turbo- 
prop relative to the turbofan occur as range is decreased. If only the fuel 
used in climb Is compared. Figure 82 shows that the turboprop uses close to 
25 percent less fuel to arrive at the same point in apace. 

As indicated previously in the general charaeteflstlcs comparison, the 
turboprop airpIane^s etpty 'weight exceeds that of -the turbofan airplane . 

Table 130 shows that this difference is 6.U percent. T^ i»Jor difference in 
the component weights which cause this overall weight disparity are indicated 
ih the table. The additloni^ torsional loads introduced by the propeller 
account for -two percent of th& wing weight increase; further weight increases 
are caused, by the multiplying factor of airplane resizing to perform the 
mission* Propeller loads are also the cause of the addi'tional nacelle weight 
of the turboprop eixplane^ The total uninstalled prbpulsioh system weight 
of the turboprop (including propeller and gearbox) is 'the major factor in the 
large installed weight penalty shown. Lower 'weights of some of the components 
needed to install the system partially compensate for this. The most signifi- 
cant item is in the provisionh required to provide thrust rev^sal. The . 
variable pitch feature of the propeller offers a means of providing reverse 
thrust without the cascade and blocker door or spoiler system req.ui*“6<i ty the 
fixed pitch tea pt the turbofan installation. Note that fan reverse only is 
used in the study turbofen except i no provisions were made for reversing the 
flow of the primary jet ead^ust. The largest wei^t incroment sho'wn in 
Table 130 is for the acoustic treatment in the tti rboprop airplane. This item 
is shown in the furnishings since •Hie treatment area is the fuselage sidew al l. 


Differences in the drag of the two airplanes can he seen by examining the 
■breakdoTm of iable 131. As in the previous table h cbinments cplumri is Usbd here 
to designate the major differences. !Phe wing compoheht cteag on the turbbprop 
airplane is slightly smaller by virtue of less vetted area and slipstresm 
effects. The vitig vetted area is reduced becaiise of the larger nacelle/viug 
interface of the turboprop there no pylon is need, some of this drag benefit 
is offset by the larger turboprop nacelle . However, the main difference 
between the nacelle drag components is caused by the higher wing/nacelle 
interference assessed for the turboprop installation. A compensating factor 
is the addition of the drag of the turbo fan pylons. Table 131 shows that , when 
all of the drag components are summed, the total aiirplane drags are nearly 
identical. 

Table 132 presents a breakdown of the flyaway costs and the direct operat- 
ing cost factors . The figures in the top section of the table show that 
turboi'rop flyaway cost exceeds that of the turbofan airplane . The airframe 
cost is higher mainly because , of the additional acoustic treatment. Figures 
for the propulsion cost for each airplane were based on inputs from Pratt and 
^fliitney and Hamilton Steuidard, see Appendices A and B. This is also the case 
for the engine-related direct operating cost factors shown in the bottom part 
of Table 132. Note that the DOC factors are those required to adjust the ATA 
formulas . Most of these factors are identical for both airplanes, however, a 
difference is noted in the maintenance cost factors. Airframe labor and air- 
frame material per tycle were reduced on the turboprop because of the expected 
longer brake end wheel life resulting from supericr thrust reversing perform- . 
ance. A breakdown of the direct operating cost cotEperison is shown in Figure 
83. The lower block fuel of bhe t\irboprop airplane accotuits for the improve- 
ment in operating cost. These data were calculated for a fuel price of 60 cents 
per gallon. •. 

A table summarizing these performance and econcmae comparisons is presented 
as Table 133. Here the basic compeirison is made at the 15Q0 nautical mile design 
range with full passenger payload while the percentage change in fuel and 
operating cost at the typical in-fservice stage length is also indicated. 

The potential inrprovements that may be available by using more advanced 
technologies in the propulsion system were also assessed. Use of a dual- 
rotation propfan offers inprovements in efficiency of approximately five per- 
cent due to swirl recovery. A parametric study using this concept with 
advanced technology propulsion system weights and costs was performed using 
inputs from the propulsion equipment subcontractors (Appendices A and B) . 

Figure Qlt presents the results of this stU(3y. The baseline coiiparisons at the 
1500 mile design range from Figure 79 are repeated here for both the fuel and 
cost data with the bars on the left for the turboprop airplane and the bars 
on the right for the tiirbofan airplane. The center bar shows that a four per- 
cent additional iraprov^ent in block fuel is obt€iined using the dual-rotation 
propfan and that the direct operating cost is improved by an additional 1.5 
percent , The higher cost of this system, both' acquisition and maintenance, 
is compensated for in the direct operating cost by the lower fuel usage and by 
the comenstirate resizing of the airplane . This can be seen by noting the 
significant redaction in takeoff weight required to perform the design mission, 
^ile the du^-^robatipn propfan concept introduces ad^tlonal complexity , the 
fuel saved and subsetuent smaller airplane may compensate . 


7*^ Sensitivities 

since little e^t^erinental work has been done in recent years on advanced 
tschnolosr propellers » thebreticei ^erfoEtnahee predictions vere nsed quite eidjen- 
sively in this study task. Of the many variables that can affect the study 
results, propeller efficiency, en^ne SFG, nacelie-wing interference, engine 
weight, acoustic treatment, and maintenance cost are the most important * vari- 
ations in each of these parameters were studied separately and the effect on — 
the block fuel and operating cost data eixpressed relative to the turbofan 
baseline is shoim in Figures 85 through 90. basic comparison at the 1500 
nautical mile design point is shown at the circled point and the shaded band is 
shown to indicate reasonable ranges of variation. Each of the sensitivity 
trend ctirves reflect aircraft reBizlng to maintain studio ground rule cpntpliance. 
Ml of the operating costs shown in Figures 85 through 90 reflect a fdel cost of 
60 cents per gallon. 

a!he sensitivity of fuel sayings aixd operating eosts to variations in pro?- 
peiler efficiency ore shown in Figure 85. It is seen that a fiVe percent 
degradation In propeller effioiency from the baseline level degrades the fuel 
savings by five percent. Obis means that even with a propeller efficiency as 
low as 77 percent at Mach 0.80 , the propfan/t^boprop concept wpwld, realize a 
fuel advantage of 13 percent over the txabOfah airplahe. The engine SPG 
sensitivity, Figure 88, shows essentially the same variation in fuel and cost 
as above. This curve is slightly steeper since the impact of eh^ne Jet thrust 
has been considered diuring vehicle resizing. . 

Ibe effect of change in naeelle/wing interference drag is shown in 
Figure 8T. If the turboprop engine could be installed at the drag levels of 
a typical turbofan engine, a one percent improvament in the fuel and cost 
advantage result, if interference or drag rise effects on supercritical 
airfoils were to be excessive, fuel and cost advantages of the turboprop would 
degrade by one to two percent . 

The sensitivity to propulsion system weight is shown in Figure 88. The 
benefits of applying further technology advances to save weight in the propeller, 
gearbox, and engine are indicated on this figure , Estimates of these weight 
savings were provided by Hamilton Standard and Pratt and Whitney, and the 
weight savings would delay the introduction into service to a time nearer 199Q. 
Ibe additional fuel and direct operating cost savings shown are attained at 
the expense of sli^tly higher aircraft acquisition costs . 

The sensitivity of turboprop fuel and cost characteristics to acoustic 
treatment weight is shown in Figure 89 • If exterior sovind levels at the fuse- 
lage sidewall should prove to be 10 dB higher than currently predicted, the 
acoustic treatment weight penalty more than doiibles to over 7000 pounds end 
the fuel advante^e is degraded to approximately 15 percent. If research and 
testing indicates that the fuselage fore and aft area requiring noise treatment 
for shock impingement can be reduced 50 percent, and/or lighter methods of 
treatment can be found, the fuel and cost advantages could improve by approxi- 
mately one percent. 
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The reiaitioiishj.p between, turboprop neinten^ce cost per fli^xt hour and 
Incremental direct operatih|g cost, relative to the turbofan concept is shown 
in Figure 90, These\costs are preliminary in nature, obviously, at this point 
in the development Of the propfan/turbopmp concept . Indicated is the rate 
calculated for this stuOy and the app^ximate levels indicaiJe? by operators of 
the ElOctfa aircraft. GbesO Electra data must also be viewed as prelindnai^ , 
since recent starvi^s of existing records have raised questions regarding infla- 
tion, consistency of maintenance procedures, accounting methods and .aircraft/ 
^gine/prOpeller age* One conclusion that can he iqbravn from Figure 90 is that 
a ten fold increase in the study mointen^ce costs does not eliminate the 
direct operating cost advantage of tbfe Propfan/tttebpprbp ali^lane. Even at 
these elevated levels , the propfan/tin?bbprop has a five percent direct Operating 
cost advantage for fuel at c^ts per gallon, as veil as the 18 percent bl^ 
fuel advantage. 




Maintenance hours and cost will be of major coneem to those viio consider 
operation of future tarboprep ppVered aliplahOS* Loss of the improvements made 
in this area when the airlines transitioned from reciprocating pOwered/prbpeller 
driven aircraft to turbojet powered aircraft is certainly not desired.^^ T^ 
ttaboprop concept studied here, however, is not a design that can be Goopared to 
those previotis propeller driven aircraft that were based bh 195P levels Of 
technology . Advances that have been made in modular design of the cipTent 
turbofan engines would be applied to the propeller (propfan) and gsurbox as 
well as to the engine in the propfan/turboprop concept. Two decades of gear- 
box teehnology advahees refleet ing helicopter trahsiniSsi on deveiopineht are 
available. Tbe elimination of high maintenance coat items such as fan thrust 
reversers and the alleviation of vdieel and braJEe mairiteneuace also work to the 
propfan/turboprop airplane’s advantase. All of these items are significant in 
producing the projected reduced maintenance cost levels shpini in Figure 90 *^ 
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Figure 58* — Advanced turboprop airplane concept 
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Figure 59.— Study flow 
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Figure 60.— •Parametric stu(3y 
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Figure 61.— General arrangement - turbofan aircraft 
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Figure 62. — Propeller selection 





PROPELLER DIAMETER ~ ft 

* 60 jS/gal fuel cost 
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Figure 63. — EiWeGt of propeller diameter on design 
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Figure 65, — nacelle configurations 






Figure 67. — Propeller spacing requirements 
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Figure 69 .— Nacelle/mug interference 
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Figure 70. — External sound pressure analysis for supersonic propellers 
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Figure 72,— T^ical pressu_’e time history 
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Figure 76 •—General arrangement - propf an aircraft 
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Figure 77* ~ Installed thrust comparison 



Figure 78.— Payload - range comparison 
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Figure 83* Direct operating cost breakdown 
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Figure 84. ^ Advanced teclmology potential 
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A ACOUSTIC TREATMENT ~ 1000 lb 
Figure 89 . — Sensitivity - interior noise 
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Figure 90* “ Sensitivity - propeller and geartox maintenance cost 




TABLE 120 GEOUHD RULES 



^ m Configuration I 



200 Passengers 



Wide body fuselage 


• 

Pour Engines 

1 

^ 1 

9 Mission 

f. 

( 

• 

M 0.8o Cruise, 1500 n.mi. 

■'I 
; 1 

& 

Initial Cruise Altitude 30 000 feet 

■■1 . 

1; 


Field Length YOOO feet 

■'1 

« 

Approach Speed = 135 knots 


TifflEE 121. - ADVMCED TECHNOLOGIES INCORPORATIOH 


« Supercritial Wing 
« Active Controls 


• Combined maneuver and. gust load alleviation 
system reduces mng weight by 3% 

• Relaxed stat'e stability margins and automatic 
pitch control system reduce horizontal tail 
vreight by 30^ 


• Reduction in MEW. 


• Advanced Composites 


• Incorporation in cost effective secondary 
structure and in primary and secondary vertical 
fin structure 

• Reduction in MEW. . . . • 3.3?^ 

• Total reduction in MEW (No resizing). ...... 









Weights 


Maximum Takeoff Gross Weight (lb) 
Maximum Landing Gross Weight (lb) 
Operational Empty Weight (lb) 
Maximum Fuel Capacity (lb) 

Pow^ Plants 

Number and Type 

Bypass Ratio 

SLS Thrust/Engine (lb) 

Body 


217 015 
205 000 
138 402 
50 000 


4 JTlOD-2 (Scaled) 

5.4 
i4 672 


Length (ft) 155.8 

Maximum Diameter (in.) 235 


Accoraraodations 


200 

(10/90) 8 abreast 

Wing and Empenage 





Wing 

Horizontal Tail 

VerticEtl Tail 

Area (sq ft) 

1955 

275 

253 

Aspect Ratio 

10 

5 

1.6 

Span (ft) 

139.8 

37 

20.1 

Svreep (deg) 

25 

25 

30 

MAC (in.) 

184 

97.5 

165.6 







[CABLE 123 . - ENGINE PEATIIRES - PSW JTIOD (SCALED) KJEBO 


# 

Description 

TvTxh spool i Design fan pressure ratio 
of 1.69 and bjfpass ratio of 5*4. Single 



stage fen, 12 stage comp. 2 stage HP 
turbine j, 4 stage LP turbine 

• 

Scaling Factor 

0.618 

• 

Inst ailed Rating Thrust 
(SLS, Std) - lb 

l4 672 

• 

Overall Pressure Ratio 
36 000 FT MO. 80 CRUISE 

■ 28:1 ■. 

. • 

Max Combustor Exit Temp “F 

2400 

9 

Engine Length - in. 

97.8 V 


Engine Diameter - in- 

.52.6 


TABLE 124.-: ; THRUST INTERFERENCE FACTOES 


Thirst Reduced by Blockage 

of Propeller Slipstream 



• Flap Interference 





Flap Chord 

Prop, to Flap 

Interference 

Airplane 

Prop* Diam* 

Prop. Blam. 

Factor 

Constellation 

0.230 

■ 1-27: 

0.97 

Electra 

Q.256 

1.40 

0.96 

CLI32O-I5 

0.3 to 

1.85 

: 0-95 

• Landing Gear Interference 



CLI32O-I5 - No Interference - Factor = 1.0 








M = 0.8 ® 

00 

8 Blades • D = 12.6 
P 

ft ® = 800 ft/s 



• Clearance: 0,8 D 
P 

• Mjj = 1.06 




SPL 


Hamonic 

Frequency 

Lockheed 

Ham Std. 

Blade Passage 

156 Hz 

I2I; dB 

126 dB 

Second Harmonic 

313 Hz 

121 dB 

. 126 dB 

Third ■ Harmonic: 

U70 Hz 

116 dB 

126 dB 

Fourth Harmonic 

626 Hz 

lOU dB 

126 dB 

• Pulse time/hlade passage 

peridd = 0.330 



• Cosinisoidal pulse : — 






WOISE TBANSMISSIOU LOSS (MTL) 



WHEN = Mg 


+ 20 LOG 




= 20 LOG 


pc 


TOTAL WALL 
MASS L.AW 


6 dB PER OCTAVE 



DOUBLE WALL 
INCREMENT 

12 dB PER OCTAVE 



TOTAL INCREASE IN NTL 
PER OCTAVE is' 18 dB. 






EEPEODUCIBILrry OP TH 
PAGE je POOR 



L320-11 (Turbofan) 


21T 015 
205 000 
138 1^02 
50 000 


U JTlOD-2 (Scaled) 

1U6T2 


155.8 

235 

200 ( 10 / 905 ?) 
8 abreast 


Wing 


1955 

10 

139.8 

25 

181 ^ 






9 Description 


• Scaling Factor 

« Installed Rating 

Thrust (SLS, STD.) - Ih 

shp (SLS, STD. ) - hp 

Max shp (250 KEAS, SLa + 18°F) - hp 

o Overall Pressure Ratio 
36 000 ft M = 0.80 Cruise 

9 Max Combustor Exit Temp °P 

9 Engine Length - in. 


9 Engine Diameter - in. 


Propfan/Turhoprop 
vm Sts 4T6 Rematch 
(Scaled) 

Turboshaft Engine of 
Comparable Technology 
to JT10D*-2. We-tr 
Compressor and LP 
Turb ine . Engine 
Rescheduled to Meet 
LCC Requirements 

0.964 


Turbo fan 

P&W JTlOD-2 (Scaled) 

Twin Spool. Design Fan 
Pressure Ratio of 1.69 
and Bypass Ratio of 
5 . 4 . Single Stage Fan. 
12 Stage Comp. 2 Stage 
HP Turbine, 4 Stage LP 
Turbine 

0.618 


l4 672 


14 135 

8 863 

10 488 

20:1 

2400 

84.3 


28:1 

2400 


21.8 


97.8 

52.6 
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T^BLl^ 129*^ ENGINE INSTALIATION LOSSES 
Cri.ise M = O-8O 



Prop fan 

Turbofan 

Inlet recovery, P /P 

2 0 

1.00 

0.998 

IF compressor bleed, % 

0 

2.0 

Horsepower extraction 

100 

50 

Fan duct loss % 

0 

0.80 

Gear efficiency 

0.99 

- 

Core cowl drag % AFU/FN 

- 

1.6 

Hotes ( 1 ) Exhaust nozzle thrust 

and airflow coefficients 

included in uninstalled 


engine perfonnance 


(2) Nacelle drag included in aircraft drag 





Turbofan 


10 hgi 


23 563 

2 229 

3k 8T3 
10 050 

3 013 
1 997 

13 436 


Torsional loads 


Propeller loads 


390 
1 715 
83H 

21 781 
5 008. 

u 349 

5 142 
125 441 


Smaller turboprop inlet 
Plain tailpipe vs fan reverser 

Acoustic treatment 












TvirlJofaQ. 

Q 

D/q D CpiniEent 

15 . 1<-23 0.00789 

12.1il7 0,00635 Wlng/lFacelle interface 

and slipstream effects 

1.571 0-00080 

1.768 0.00090 

1.691 0.00086 ¥ing/Wacelle 

interference 

0.662 0.00034 TurTsofan only 

33.532 

9 456 . 









TABLE 132.- COST FACTORS 


1973 Dollars 


Prop fan 


Turbofan 


Coniments 


Cost Breakd■o^■m 

Flyaway cost (millions $) 
Airframe 
Propulsion 
Avionics 

D.O.C. Factors 

• Flight crew cost ($/hr) 

• Maintenance cost 

- Labor rates ($/hr) 

- Maintenance factors 

Airframe labor/cycle 
and/hour 

Airframe raaterial/cycl 
Airframe material/hour 
Engine labor /cycle 
Engine labor /hr 
Engine material/cycle 
Engine material /hour 

- Burden ( factor ) 

« Fuel ($/lb) 

« Oil ($/lb) 

• Insurance {%) 

» Depreciation 

Years 
Spares i%) 

Salvage ( % ) 

» Utilization (hr/yr) 


13.39 

10.09 

2.80 

0.50 


0.60 

0.75 

0.60 

0.75 

0.60 

0.75 

1.8 

0. 088 

1.0 

1. C 


1973 rates 


To adjust ATA formulas 


Propfan brakes & wheels 


Includes engine, gearbox 
and propeller for 
prop fan /turboprop 
airplane 







PROPPM/TUEBOFM PERFORMMCE COMPARISONS 

1500 n.mi. Design Range 100^ LF @l|-75 n*mi 

1 1 3Q% DF 

Propfan Turbofan % % 

CL 1320-13 CL 1320-11 Change Change 


217 h 66 

217 015 

+0.2 


23 390 

28 466 

-17.8 

-20.4 

1.310 

1-384 

-5.3 

-5.9 

1.660 

1.809 

-8.2 

-8.5 

U650 

5578 

-16.7 


6057 

6159 

-1.6 


14.15 

13.39 

+6.0 

• 




8. COSrCLUSIOHS AID RECOMMENDATIONS FOR TECHNOLOGY DEVELOPMENT 
AND FUTURE STUDY EMPHASIS - TASK 8 


Lockheed’s role in the basic study did hot include participation in the air 
transportation system synthesis and evaluation task once the refined aircraft 
perfoimance and operating cost data had been made available to the consultant 
organization. The analysis required to define the selected options a however , 
leads to the conclusions and recommendations discussed in the following paragraphs 

The first classification of fuel conserving options studied, changes to 
current aircraft operational procedures, can offer significant fuel savings 
benefits even though on an individual basis the fuel savings may be quite small. 
This is because implonentation of procedure changes can be made on an immediate 
basis and on a large number of aircraft resulting in large emulative savings 
over a period of time. Continued use of those operational procedures already 
implemented hy many of the airlines is recommended. The operators with the 
support of the manufacturers should continue to pursue the implementation of 
additional procedure changes within the current air traffic control system. 

Since the most significant additional savings which can be obtained through 
changes in operational procedures are dependent on changes to the air traffic 
control system, it is recommended that studies be made to investigate the 
required improvements. This would allow a complete benefits analysis to be made 
vihich could aid in detemining the direction to be taken in air traffic control 
in the future. 

Of the L-lOU modifications considered, the revised engine afterbody and 
modest wing-tip extension offer even larger fuel savings on an individual air- 
craft basis than operational procedure changes . The possihility of retrofit of 
these options also provides the benefit of large cumulative savings. Strong con- 
sideration should be given to fleet retrofit of these options. In the case of 
the engine afterbody, general incorporation is recommended. The wing tip 
extension of the type studied should be retrofitted to those aircraft whose 
operators can accept the takeoff weight restriction penalty. 

Increased seating density offers the largest potential fuel savings of the 
modifications studied hut is dependent on continued increases in demand and on 
passenger acceptance. This type of modification is an option currently available 
to the airline operators. It requires no extensive research activity and involves 
minimum investment cost. In a limited fuel availability environment, increased 
seating density may become a requirement. 

Derivatives of current aircraft are also dependent on demand in that the 
most beneficial appear to be high passenger capacity, stretched fuselage variants. 
tHr possible fuel savings must be traded against development cost and thus 
purchase price. In the time period studied (before I98O) only limited incorpora- 
tion of fuel conservation technology is possible . For later service a greater 
degree of fuel conservation technology incorporation would result in considerably 
more cost effective derivatives. 


The new near-term aircraft studied do not offer as significant fuel savings 
as the high-density derivative on a seat-mile basis, nor do they offer operating 
costs sufficiently lower to encourage purchase. Wheh designed with minimum 
block fuel as the design criterion these aircraft may not be compatible with the 
current fleet. As with the derivative aircraft, a somewhat later introduction 
date may offer a beneficial alternative oy allowing more of the fuel conserva- 
tive technologies to be incorporated. 

One of these technologies, the advanced turboprop propulsion system, would 
require a delay in introduction beyond the 198O date specified by the basic con- 
tract Statement of Work. Because the potential of this propulsion system 
appeared to be so promising, a supplemental study contract was added to allow a 
more detailed stu^, including comparison with an equally advanced (1985) 
turbofan aircraft. 

The results of this comparison study show that an advanced turboprop 
propulsion system is a viable alternative to the turbofan. The swept wing 
propf an/turboprop airplane offers a means of exploiting the inherent efficiency 
advantage of the turboshaft engine at the higher cruise speeds and altitudes 
required in today’s air traffic environment. When compared on an equal tech- 
nology and equal design mission basis, advanced turboprop airplanes offer signi- 
ficant fuel and operating cost savings over the equivalent turbofan airplane. 
These efficiencies can be obtained without compromise to passenger comfort. 

As a result of this study the follo^ring recommendations for further research 
should be considered on a first priority basis to verify the concepts theorized 
here. 

1. Demonstrate propeller efficiency levels of approximately 80 percent 
(installed) at a flight Mach number of O.8O. 

2. Perform experimental investigations of propf an/turboprop wing inte- 
gration to establish that reasonable drag characteristics exist for 
practical propfan/turboprop power plants mounted on swept, super- 
critical wings. 

3. Determine soimd levels generated by propfan/turboprop concepts operat- 
ing at Mach O.80 cruise and establish sound attenuation and weight 
penalty requirements for their satisfactory suppression. 


APPEHDIX A 


Apiaendix A includes "blie final 11601011031 menKDrandum subiiiit'bed 1io 
Lockheed by the Pratt and Ehitney Aircraft Division of United Technologies 
Corporation in compliance mth the terms of their subcontract. This memo- 
randum reports on the work performed in support of Lockheed's Turboprop/ 
Turbofan j Short/Medium Range Configuration Analysis -which is reported in 
Section f of this document. Also included in Appendix A is the data pack as 
received from Pratt and Uhituey for the remat ehed STS-ll7^ turboshaft engine. 
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REPEODtlOrBlLl^OrTHBl 


Tnbroduction 


PSsViEA support of ths Lockhesd/NASA-J^.raes sponsored turboprop study consisted of 
defining a turboshaft engine cycle vith a level of technology similar to that 
of the JTlOD-2 turbofan engine and matched to airplane requirements specified by 
LocKiieed. The specific? t ions included take-off and climb thrust levels required 
along an optimized climb path . The SIS-4 t 6 study turboshaft engine , used as a 
baseline in the studies^, was reniatched on the basis of these requirements. .A 
revised power turbine with reduced power extraction was utilized and the engine 
was rescheduled to match Lockheed thrust requirements. Hamilton Standard propeller 
and gearbox data were used in this evaluation. 

Performance and installation information were generated by PSiWA for the selected 
turboshaft engine. A generalized method for obtaining the approximate price and 
maintenance costs for turboshaft engines was derived relative to eq.uiva lent turbo- 
fan engines. The method is based on studies of the conversion of high bypass’ ratio 
turbofan engines by removing the fan section, increasing compressor speed to par- 
tially compensate for the loss of the fan supercharging, and modifying the LP' 
txii’bine for the higher expansion ratio and the higher speed of the turboshaft 
engine. 

Engine acoustic parameters were also obtained for the reraatched STS-^T^ turboshafb 
engine. The. results of the P&WA work are presented in the following sections Of 
this memo . 


Turbosliafb Engine Description . • 

She study turboprop considered in, this study was based on coniponent performance and 
technology levels similar to those of the .JTlOD-2 turbofan engine. An overall 
pressure ratio of 20:1 for the tufboshaft engine was assumed for the high spoolj 
a free turbine on a separate co-axial shaft was selected as the propeller drive system 
The cruise design cycle definition of the turboprop is listed below: 


. Slight Condition: M 0.8, 30^000 feet ISA 

Cruise Overall Pressure Ratio ‘ • 20:1 

■ Max. Combustor Exit Temperature .2400”? 

* 

Propeller CharacteristiGS (Hamilton Standard) ' 

Propeller Diameter 12.8 feet 

Propeller Tip Speed 800 fps 

Humber of Props l^er Blades 8 

Propeller Activity Pactor ' 200/biad8 

Propeller Integrated Lift Coefficient •* Clj;, 0.12 

; ■ r - ‘ 


The relatively low overall pressure ratio of the turbo shaft engine reflects the 
loss ill. supercharging which resulted from fan removal from tV, base turbofan. 

The effects of iacreasing pressure .ratio on cruise TSFC were estimated as shown 
on Pigure It Up to a 3*0 percent reduction is possible with pressure ratio in- 
creased to approximately 30 : Ij beyond this level, turbine cooling air, ■v;hich was 
increased with overall pressure ratio to maintain a constant turbine airfoil metal: 
temperature, penalized the cycle efficiency causing an upturn in TSFC . Low pressure' 
compression stages that are geared to the propeller represent a method of super- 
charging the high spool to increase the overall pressure ratio. Additional com- 
pressor and engine control complexity would he. required when offrdesign and 
transierrt operation is considered to assure efficient, stable engine operation. 

At this time, it is unclear as bo whether the fuel savings potential would Justify 
the increased complexity. .. . 
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ggc^ino Rematch to Lockheed Bequiremonta 


Our turboprop rescheduling effort vas based on the requirements of the optimum 
airplane configuration specified by Lockheed. The evaluation involved the de- 
termination of propulsion system ■weight and performance changes •with engine re- 
match and the conversion of the effects into TOGW^ fuel use, and DOC utilizing 
LCC provided sensitivity factors. 

A second element of the study considered gas generator combustor exit temperature 
scheduling based on climb thrust requirements. The engine ■was scheduled to match 
thrust output with the optimum climb speed schedule as defined by Lockheed . • 


The following table compares the engine cycle and performance characteristics of 
the STS- 4 ^T 6 and an estimate of the rematched STS- 4 t 6 engines. Differences in in- 
stallation assumptions (horsepower extraction and gearbox efficiency) account for 
over half of the cruise TSFC difference between engines . The remainder is due to 
cycle refinements included in the Rematched STS- 4 t <5 engine.- 


Based on propulsion system weight and TSFC sensitivities provided in Reference (a), 
the improvements in TOGW, Block Fuel and DOC vere predicted. These results are, 
however, subject to the assumption that constant propeller diameter sensitivity 
factors are applicable to a non-constant propeller diameter situation. 


Table 1 


Cruise Design ?t . Cycle 

(30,000 feet - 0 . 84 ) 

OPR 

Max. /(Design) CET “P 
^ nozzle /^arab 

Performance 

M. Cr. TSFC @ 36 , 000 ' - 0.84 lb. /hr ./lb. 
Design Engine Inlet Corrected Airflow 


STS- 476 Rematch 

STS- 4 T 6 

20.0 

2400/(2165) 

1.4 

20.0 

2400/ (2 160) 
i.25 


.524- 

.552 

64.4 pps 

66.3 


3TS-476 Rematch 


ST5-476 

Snc^tne Installation 


G.G. Weight lb. 

Prop Diameter ft. - 
Prop Vteight 

(SHP/d 2 =34.1 HP/ft.2 0 36 , 000 ’ -O.ai, MCL 
Std. +i8”F day) 

Gearbox Weight lbs. 

Max. SKP /Engine 

Max . Engine Length in. 

Max. Engine Case Diameter in. 

Max. Flange Diameter in. 

Airplane Installation 


2180 

12.8 

1146 


623 
10,880 
85.4 
32 -T 
35.1 


2480 

13.0 

1150 


767 

12,150 

78.2 

33-1 


TOGW lb . 

Block Fuel lb. 
^,D0C <^/aSM 


-.82l3.(-3.esi) 
-1690 (-6.8^) 
-.047 (-2,1^) 


Base 

Base 

Base 


Figure 2 shovs that the level of propeller disk loading (Propeller Diameter) does 


not appreciably affect the selection of gas generator nozzle expansion ratio. At 


each disk loading, an expansion ratio of around 1.4 results in minimum TSFC while 


specific thrust is hear maximum. However, the curves would indicate some incentive 
to go to .larger prop diameters (lover disk loadings) since both cruise fuel consump- 
tion and engine weight would be reduced. 


Figure 3 shows the effect on airplane TC3GW, block fuel and DOC of varying the design' 
nozzle expansion ratio^ of the gas generator. The propulsion system weight and TSFC 
sensitivity curves. Reference (a). Enclosures 1 and 2, were used to develop the 
changes in TOGW, block fuel and DOC. Two methods of selecting the propeller size 
from the data of Figure 2 were assumed. At a nozzle expansion ratio of 1.4, a 13 
foot diameter propeller was assu-aad which resulted in a propeller disk loading 
(SHP/Op^) of 33*0 HP/ft.2 at the ft., 0.8 Mn maximum climb, standard plus 

18®? day operating condition. Propeller performance was then estimated and the 
en.gine rescaled to give constant thrust for a I 3 foot diameter propeller and a 
propeller with an SIIP/Dp^ = 33.0 HP/ft.2 at the other nozzle expansion ratios. 
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The shaft horsepower output to residual thrust relationship changes as the nozzle 
design expansion ratio changes; therefore, a 13 foot diameter and a 33*0 SHP/Dp2 
propeller result in the same propeller only at a 1*4 nozzle expansion ratio. At ‘ 
nozzle expansion ratios below, 1. if-, a constant 13 foot diameter propeller represents 
disk loadings greater than 33*0, whereas at pressure ratios above 1.4, a I 3 foot 
diameter prop has disk loadings less than 33‘0- 

Figure 3 indicates that approximately a 1.4-1 . 5 nozzle expansion ratio is optimum 
for either a constant disk loading or prop diameter when using the Reference (a) * 
sensitivity factors. Based on these trends, a 1.4 cruise nozzle expansion ratio 
level was selected for use with the rematched STS-4 t 6 engine.- 


Cllxub Thrust Scheduling 

Figure 4 shows the maximum climb and a reduced climb thrust requirement determined 
by Lockheed. Included on .this curve is the estimated maximum climb thrust of the 
STS-4 t 6 engine (scaled) and the rematched STS-4 t 6 engine if the engine were rated 
at maximum temperature on a hot day during the entire 25 O KEAS climb. Since wei.^ht 
in the propeller and gearbox can be saved by reducing the low altitude climb and 
take-off thrust the rematched STS-4 t 6 has been rated to meet the reduced climb 
thrust requirements indicated on the figure. Figure 5 shows the standard and hot 
day (standard +18’F) climb temperature schedules that match the 25 O K2AS reduced 
climb thrust schedule as a function of altitude. 

The propeller and gearbox maximum horsepower requirement was set at sea level, 

250 KEAS, Hot Day (std. -MS^F) climb operating condition. Table I (Section III) 
shows the maximum SHF value used in establishing the prop and gearbox weights. 
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s .t '/ , Er:!T.ing 'Performance Data 



The following tables and figure present preliminary performance and installation 
information on the Rematched STS-^T^ study turboshaft engine. 

VJhere possible, both gas generator and propeller performance parameters are provided 


Propeller characteristics used in this study were provided by Hamilton Standard. As 


the engine is scaled to meet the airplane requirements, the propeller must also be 
scaled at constant power loading in order for the performance to remain valid. 





lable II 


Rematched STS-476 Performance Assiunptlong 


Ambient Conditions •• . • 

Fuel lower Heating Value. 

Inlet Ram Recovery 

Propeller Characteristics 

Propeller Diameter _ . . • ' 

Reference Exhaust System j 

Noaale Gross Thrust Coefficient 

) 

Nozzle Plow Coefficient 

Flange to Nozzle Throat Pressure Losses 

Primary 

Horsepower Extraction from Free turbine Spool 
(No external bleed assxjuned) 

Free Turbine Speed EPMl 

Gear Efficiency Assumed . 

Propeller Tip Speed ffc./sec. - 


U.S. Standard Atmosphere, 19^2 
18,»!-00 BTU/lb. 

1.0 Everywhere 
Hamilton Standard 
02.8 feet- 


Figure 6 
•Figure 6 



.005 

100 


854T 

■99 

800 


External Drags 


Hone 












Table HI 


Ma 

Alt. 

DIAM 

Prop. SEP 


Pn Res. 

HPX 

BSPC 

VJ5T 

Wae2 

PTA 

Net Thrust 
TSFC 

ETA Prop. 


: Definition: of Terms 
Plight Mach number 

Geopobential Altitude, U.S. Standard Atmosphere, 1962 - ft. 
Ambient Temperature Minus Standard Ambient Temperature 
Horsepower Delivered at Propeller Shaft (Gearbox SHP in 
X .Gear ETA) 

Gas Generator Net Thrust, lb. ■ ■ * 

Horsepower Extracted from the Pree Turbine Rotor for . . 

Accessory Drives, • hp . ’ ‘ 

Prop shaft HP Specific Fuel Consumption, Ib./hr./HP 
Gas Generator Fuel Flow lb. /hr.. 

Primary (Compressor Inlet) Corrected Airflow, lb. /sec. 
Primary Nozzle Expansion Ratio tr/Pam 

j ■ 

Total Net Thrust (Pn prop. + Pn res.) lbs. 

Thrust Specific Puel Consumption lb. /hi’ ./lb. 

Propeller Efficiency ^ 
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X. 


u. 


m. 


■ ' Table IV. \ . . 

Matrix of Data Provided la Data Pack . 

Take-off and. part po-wer data (standard and standard +25"F days)' • 

Mach Wo. - 0., 0.1^ 0.2/ 0.3, 0.1}. 

Altitudes (ft.) - Sea 'level, 2,000, 5 j 0^0 

Maximum Climb and part power (standard day) . ... . • - ■ 

Altitudes -- Sea 3.evel, 10,000, 20,000, 28,250, 

Speed - 250 KSA0 

Part power tables - Max. climb and part power (standard day) 

Altitudes Mach Numbers . ■ . ' 


0 

0.35 

0.50 

0.60 





0 

0 

H 

0.35 

0.50 

0.60 





5,000 

0.35 

0.50 

0.60 

0.65 




10,000 

0.35 

0.50 

0,60 

0.65 




20,000 

0.35 

0.50 

0.60 

0.65 

0.T5 

0,80 

0.85 

25,000 

0,35 

0.50 

0.60 

0.65 

0,75 

0.80 

0.85 

30,000 


- 

0.60 

0.65 

0.T5 

0.80 

0.85 

35,000 



0.60 

0.65 

0.T5 

0.80 

0.85 

ll-0,000 



0.60 

0.65 

0.75 

0.80 

p.85 
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Kni'^iine Ingfcallatton Infotniation 

Engino weight and dimensional estimates were made for the rematched STS-H76 turho- 
shaft engine in a 319^ cruise thrust size as specified by Lockheed. Scaling 
factors were generated to allow engine resizing over a ±10 percent thrust range. 

A . Engine Dimensions , ’ 

An installation sketch, including the principal engine- dimensions, is included 
in Figure V-1. Dimensional scaling information is presented below. 

Turboshaft Diameters = Base Engine Diameter Cruise \Q»5 

! 3190 

Surboshaft Length = 85 A 

( front “tO“ rear flange) j ^ ^ 

Fn cruise at 0.8 m, 3^^000 feet ISA 

B . t?nse Engine Weight 

The rematched STS~4 t 6 turboshaft engine weight is 2l80 pounds. This weight in- 
cludes the gas generator, propeller drive turbine and shaft, engine controls, and 
engine accessories. The weight levels, are similar to the JTlOD-2 turbofan engine 
technology and reflect the same design philosophy in trading engine weight, per- 
formance, and cost . 


Engine weight scaling can be accomplished over a ±10 percent range 'by applying 
the following: 


TurboslHft Weight 


2180 


^ 3190 ^ . 


C . Potential Vjgi.grht Reduction 

Advanced technology (1985-1') turbofan/turboshaft engine studies conducted under 
riASA contract have resulted in weight trends which, when applied to the Rematched 
STS-4 t 8 turboshaft, indicate the potential for improving its weight by 5 percent. 
The achievement of the additional weight reduction may entail redefinition of the 


reproducibeity of the 
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EnfUno Cost Estimateg 

Turboshaft engine price and maintenance costa vere estimated relative to an 
eq.uivalent turbofan engine. The method is baaed on generalized studies of the 
conversion of high bypass ratio turbofan engines into tiirboshaft engines by re- 
moving the fan section, increasing compressor speed to partially compensate- for 
the loss of fan supercharging, and modifying the liP turbine to provide the higher 
vork output and increased speed desired in the turboshaft engine. 

A . Initial Turboshaft Price • . ' 

The price of . a turboshaft engine with technology comparable with a baseline ’ 
typical high bypass ratio turbofan may be approximated as follows: 

1. Reference turboshafb SEP = 1.46 turbofan thrust at 0.&{, 3^,000 ft.. 

Max. Cruise Rating. . ’ 

2. Reference turboshaft price = 0.86 turbofan price. 

/ Turboshafb SH? 

3- Turboshaft price - Reference turboshaft price X (s”':;; „ — 

^ 'Reierence Turooshafa SH?^ 

© O.&M, 3^,000’, Max. Cruise 

B. Turboshaft Maintenance 

Material and labor maintenance requirements ,were estimated for the reraatched 
STS-476 turboshaft engine by utilizing a generalized procedure similar to that . 
used to derive relative price. 

Mainte.nance labor requirements of a turboshaft engine were estimated to be .OIT 
manhours per engine flight hour less than the baseline turbofan engine. Main- 
tenance labor costs may be assumed to remain constant regardless of engine size 
within the study range. 

Maintenance material costs, excluding burden, can be approximated relative to a 
typical high bypass ratio turbofan as follows: 


1. Turboshaft reference SHP = lA6 turbofan thrust at 0.8 m^ 3^/000 feet. 

Max. Cruise Rating. • . 

2. Reference turboshaft MMC at 0.92 turbofan MMC. • •• 

3. Turboshafb MMC = Reference turboshaft ^!MC X (— iz." 

Reference Turboshaft SHP • 
at O.&l, 36,000', Max. Cruise' 
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Rnrrine Acoustic Parameters . 


Sufficient information is provided in the "data pack" to permit calculation of 
noise levels at PAR points by Lockheed. Some information that is not specif iciy 
provided, but that can be easily derived, is presented below for the Rematched 
STS-i}-76 engine. • . ' 

Gas Generator Nozzle Parameters 
. Gas Generator Nozzle Throat Area = 3T4.3 in.® 

. Oas Flov (ll,:/sec.) = - Ijl) t (« ) 

. Absolute Jet Velocity = Pn res. X 32v2 ^ WaeS X Vo 

Gas Plow Gas Plow 

Vo = Plight Speed (ffc./sec.) 

Pn res = Gas Generator net Thrust (lb.) 

Wae2 = Canpressor Inlet Corrected Airflow (lb. /see.) 

WET = Gas Generator Fuel Plow (lb ./hr.) 

Other information which may be useful in estimating tui'bine noise follows. 

. Rear Turbine Blade Tip Speed 1130 ffc./sec. 

Number of Rear Turbine Stage Vanes 75 

. Niomber of Rear Turbine Stage Blades ■ 66 ■ * ' 

. Turbine Blade to Vane Spacing - Space „ 

Average Vane Axial Tip-Gnord 

The gas flow rate and nozzle area may be scaled directly with engine thrust size. 
The remaining parameters remain constant. 

During airplane approach, the prop-fan and free turbine RPM can be reduced to 
20 percent if this is desirable for noise considerations.. 
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PKATT and WHiTrifcY AlKCRAf-T 

RtMATCrtD U Rt>C- itiAp T fcNGlNfc. cSTlHATfcD PL-RFOkMAKLt 

U.S. STaWOaRO f- , 19&2 100 PLKCtNl RAM RtLCVcKY 

99 PERCENT GEAR EFFICIENCY 
free TUKtlNE kPM=8597. 


TAKE OFF performance 
STaNC’aRD Day TaM 


MM 

alt 

UTaM 

PROP SHP 

FN RES. 

HPX 

BSFC 

WFT 

WAE 

PTm 

MN. 

ALT 

dtam 

■NE 1 thrust 

TSFC EIa hRUP 





0.0 

C. 

c.o 

9199.02 

1216.14 

ICO. GO 

0.4C4 

3714.50 

54.88 

1.12 

0.0 

0. 

0.0 

l9ot>5 .Htf 

G • 253 C . 

0 


. 

• 


0.0 

0. 

0.0 

773S.L7 

1019.86 

100.00 

0.419 

3243.'00 

50.67 

1.10 

0,0 

0. 

0.0 

1AL6L .«>L 

0.231 0. 

0 


% 



0.0 

0 • 

o.c 

b350 .65 

837.12 

100 . 00 

0.441 

2796. *72 

46.32 

l.Ot 

c.o 

0. 

0.0 

13212.64 • 

0,212 0, 

0 

• 

• 



0-0 

0, 

0.0 

5072.79 

07b.65 

100. CO 

0.472 

2393.58 

42.00 

1.C7 

0.0 

0. 

0.0 

121U3.21 

0.196 0. 

0 ' 





0.0 

0. 

0.0 

3979.01 

543.79 

100.00 

C.512 

2039.24 

38.04 

1.05 

0.0 

0. 

0.0 

10149.12 

0.1E8 0. 

0 


. 



G.O 

G. 

0.0 

3053.0^ 

431,75 

100.00 

0.567 

1730.25 

34.35 

1.04 

0.0 

0. 

0.0 

10175.55 

C.170 0. 

c 





0.0 

0. 

0.0 

227t.C'b 

3.44 .11 

ICO. CO 

0.640 

1458.98 

30.88 

1.03 

0.0 

0. 

0.0 

1650.92 

272.04 

IOC. 00 , 

0.742 

1225.73 

27.76 

1.03* 

0.0 

0. 

0.0 

1125.76 

209.67 

100.00 

O.vp? 

1021.05 

24.60 

1.02 


TAKE OFF PERFORMANCE 
STANLAkU PLUS 25 DEGkEES F TaM 


0.0 

0. 

25.0 

9637.74 

1250.29 

100.00 

0.405 

3696.07 

55.54 

1.13 

0.0 

0. 

25. C 

14143.99 

0.276 0 

• 0 





0.0 

0. 

25.0 

£201.64 

1006.84 

100. CC 

0,418 

3429.61 

51. 6G 

1.11 

0.0 

o. 

25.0 

137t9.VE 

0.249 C 

.0 





0.0 

0. 

25.0 

6836 .38 

879.29 

100. Oo 

0.436 

2981.74 

47.4 1 

1.04 

0.0 

0. 

25 . O' 

13096 .iO 

0.228 0 

.0 

- 


' 


0.0 

0. 

25,0 

5553.74 

719.29 

100.00 

0.462 

2566.81 

43.20 

1.07 

G.O 

c. 

25.0 

12203-15 

C.2'10 0 

.0 

1 




0.0 

0. 

25. C 

4432. L 9 

5E4.6C 

100.00 

0.497 

2201.65 

39.27 

l.Co 

0.0 

0. 

25.0 

110**2.95 

0.146 0 

.0 

1 

* 



0.0 

c « 

25. C 

3466 .82 

473.81 

loa.co 

0.543 

1880.96 

35.64 

1.05 

0.0 

0. 

25.0 

99K ,56 

0 , 19u 0 

• 0 





0.0 

0. 

25-0 

264-^ . L7 

373.20 

100.00 

0.604 

1597.60 

32.16 

1.C4 

o 

• 

o 

0. 

25.0 

1965.17 

304.52 

ICO. 00 

C.689 

1353.26 

29.05 

1.C3 

o 

• 

o 

0. 

25.0 

1403.66 

236.62 

100.00 

0.810 

1136.83 

26.08 

1.02 
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PRaTT and WHITNE.Y aIKCRaFI 

KfcMATCHtb STSA76 TuKbOSHAFT ENGINE ESTIMATED PEKFORHaNCE 
U.S. standard atmosphere, 1962 luO PERCENT RAM RECfiVhKY 

99 PERCENT GEAR LFFlftENCY 
FREE TURBINE RPP5=EfjA7. 


TAKE OFF PERFORMANCE 
standard Day TaM 


HN 

ALT 

DTAM 

PROP ShP 

FN RES- HPX 

BSFC 

WFT 

WAE 

PTA 

MN 

ALT 

DTAM 

NET THRUST 

TSFC E'TA PROP 


* , 



0.10 

0 . 

G,D 

9298.54 

1028.96 ICC. 00. 

0.403 

3724.08 

54.73 

1.12 

O.lU 

0 . 

0.0 

' 15459.9E 

0.241 0.317 



• 


o.io 

0 - 

0.0 

7781.67 

8 51.98 100.00 

0,418 

3252.37 

50.56 

I.IG 

0.10 

0 . 

0,0 

14055.63 

0.231 0.344 


' 

- 


0.10 

u. 

0.0 

6396 • 83 

677.03 100. CO 

0.439 

2807,41 

46,22 

i*oe 

0 . 1c 

0 . 

0-0 

■ ■’,586 .-64 

0.223 0.378 

. 

; 


- 

0-10 

0 , 

0,0 

^110.73 

536.08 100.00 

0,470 

24C1.41 

41.93 

1.07 

0-10 

G« 

o.c: 

11021.03 

0.218 ‘ 0.416 , 





O.ID 

0 . 

0.0 

4015.37 

413.47 100.00 

0,510 

20'46.42 

37.99 

1.05 

O-iO 

0 . 

0.0 

9435.16 

0.217 0.456 





0-10 

0 , 

0.0 

3U82.39 

320.34 100. 00 

0.564 

1737, 97 

34.34 

1.04 

0-lC 

0 . 

G.O 

8625,97 

0.201 0.547 





C- 10 

0 . 

0.0 

2305.06 

240.17 100, CO 

0.636 

1465,26 

30.87 

1.03 

o-io 

0 *' 

b -0 

1676.23 

176.81 100.00 

0,735 

1231.67 

27.77 

1-03 

0.10 

0 - 

O-G 

1145.12 

128.99 100.00 

* ^ 
i 

0.896 

1026.49 

, i 

24.83 

1,02 




t • 

TAKE OFF PEKFURMANCE 








^ standard plus 25 DEGREES 

F TaM 




0-10 

0 - 

25-0 

9687.19 

1074.54 IGO.OO 

0,404 

, 3912,41 

55,45 

2.13 

0-10 

0 - 

25.0 

15435.10 

0.253 0.30B 




• 

0-10 

0 . 

25-0 

8255.E8 

890-89 100,00 ' 

0.417 

3440.49 

51.50 

i. 11 

0-10 

. 0 - 

25-0 

1415bo3to 

C-243 0-334 


* 



0-10 

0 . 

25-0 

6t77 a 50 

721-91 100.00 

0.435 

2990.88' 

47.31 

1.09 

0,10 

0 , 

25-0 

12775-50 

0-234' 0*364 





0-10 

0 , 

25-0 

5586,20 

580. 18 ICO.OC 

0.461 

2574.89 

43.11 

1.07 

0 - 10 

0 , 

25-0 

1 1 37 60/6 

0.226 0.40Z 





0 - 10 

0 - 

25.0 

4 469 . 46 

452,66 100-00 

0,494 

2209*93 

39.22 

1.06 

O-Io 

0 . 

25-0 

9866-80 

0.224 0-438 





0-10 

0 . 

25-0 

3501.72 

353,46 100,00 

0,539. 

lSe8,95 

■ 35-62 

1-05 

0-10 

0 . 

25.0 

8464.29 

0.223 0.481 





0-10 

0 . 

25.0 

2671.47 

268-23 100,00 

0,601 

1604.63 

32.17 

1-G4 

0-10 

0 - 

25-0 

1995.63 

201.19 100.00 . 

0.682 

1360.31 

29.06 

1,03 

0,10 

0 - 

25-0 

1425.17 

151,38 100.00 

0.802 

/ 

1142.82 

e X 0 

1 .U 2 
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REPRODUCIBlLmr OF THE 
ORIGINAL PAGE IS POOR 


PRATT AND WHITNbY AIRCRAFT 

RbMATCn&U iTSATA TuRbObKAFT ENClNt ESllMATEU PEKFOKMANCE 
o.S. STmNL'aKU ATMDbPhbkE, 1962 loO PERCENT RAM RbCClVLKY 

99 PERCENT gear thFIClENCY 
^ FREE TURBINE KPM=tt547. 


TAKE OFF PERFORMANCE . 
STANDARD DaY TaM 


MN 

ALT • 

U'IaM 

PRUP ShP 

FN RES. HPX 

BSFC 

. WFT 

WAE 

PTA 

MN 

ALT 

DTam 

NhT THRUST 

TSFC tTA PRUP 




i 

0.20 

0. 

0.0 

9A04.04 

863.13 lOO.CO 

0.400 

3758.20 

54,38 

1.13 

0.20 

0. 

0.0 

1 3426 .02 

0,280 0.542 





C.2G 

0. 

0.0 

7923-21 

689,50 100.00 

0-414 

3281.14 

50.22 

1.11 

0*20 

0. 

0.0 

120^7.80 

0,273 0-561 





0.20 

0. 

0.0 

6515.-^2 

533.51 100.00 

0.435 

2633.34 

45,94 

1.09 

0.20 

0, 

0.0 

10573.69 

Cq26S 0.626 



- 


0,20 

-0. 

0.0 

5 229 ,37 

461-15 100.00 

0,464 

2425.55 

41.72 

1.07 . 

0.20 

0. 

0.0 

9031 .22 

G.2b9 G.67i 


• - 



C.20 

0. 

0.0 

4119- 84 

289,86 IGO.OO 

C.5C2 

2068.96 

37.84 

1.06 

0.20 

0. 

0.0 

7519-29 

0-275 0-712 




- 

0.20 

0. 

0.0 

3173.17 

207.48 100,00 

0.554 

1757-92 

34.23 

1-04 

0.20 ■ 

0, 

0,0 

2380.29 

135.44 100.00 

0.622 

1484.33 

30.8 3 

1.03^ 

0.20 

' 0. 

c.o 

1744.26 

'91.37 100.00 

0.716 

1248,87 

f 

27. T9 

1.03 

0.20 

0. •• 

0.0 

1208.75 

45.66 100.00 

0.663 

1042,85 

24.90’ 

1.02 

y 

> 

' 

TAKE OFF performance 



;r 





standard plus 25 DEGREES 

F TAM 




0.20 

0. • 

2 b -0 

9£61 .81 

699.96 100,00 

• 

0,400 

3.948,81 

55,10 

1.13 

0.20 

0. 

25,0 

13644,29 

0.294 0.529 

) 




0-20 

0. 

25.0 

8601.09 

729.66 100,00 

0.413 

3471.29 

51-16 

Icll 

0.20 

.0, 

25.0 

12 ISC .23 

0.265 0,566 




_ 

0.20 

0. 

25,0 

7t06 . &6 

572.20 ICO. 00 

G.431- 

3C1&-10 

‘ 47.02 . 

1,09 

0.20 

0. 

25.0 

ICE 14 *97 

0.27V 0.606 





0.20 

0 — 

25.0 

5708 .64 

440.68 iCO.UO 

0.456 

2600.83 

42 . 90 

l.Ot 

0.20 

0, 

25.0 

9407,38 

0.276 0.653 


• 



0-20. 

0. 

25.0 

4577,32 

3 ^7 .67 100 .00 

o-4te 

2233,35 

39.06 

1.06 

0.2U 

G. 

25.0 

7966.00 

0.280 0.694 

* 




O-ZCf 

0. 

25.0 

3600.34 

236,76 100.0^ 

0.531 

1910,09 

35,50 

1,05 

0.20 

0. 

25.0 

6616 ,20 

0.2E9 0-736 



• 


0.20 

0. 

25-0 

2760-15 

163,25 100.00 

U.589 ' 

lo25.ll 

32.12 

0^ 

0-20 

0. 

25.0 

2074.01 

104-50 100.00 . 

0.665 

1378.63 

29.05 

X B 0 o 

0.20 

0. 

25.0 

1497.85 

61.38 100. CO 

0.775 

1160,72 

26,17 

IbOZ 
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PRATT ANt.' WhlTNlrY AIKCRaFT 

KfcP.AlCHf.Li SliA/6 lUPbOihAFT tN(.>lNH tSllKAThU PEKFURMaNCE 
0.5. bTANOAkO ATMUSPr.LKh, 19f>2 100 PERCENT KAM RECEWEKY 

99 PERCENT OtAk EFFICIENCY 
FRtC TUKblNL KPi.=Ri>H7. 


TAKE OFF PEKFCKMANLE 
STANCaRO day TAM 


rtN 

AI.T 

01 AM 

PROP Sp.P 

FN RE3. HPX 

bSFC 

WFT 

WAE 

PTA 

mn 

ALT 

DTaM 

NET TttKUST 

TSFC ETA PROP 





0.3u 

0. 

0.0 

9ft73.35 

700. A 3 100. V'O 

0.394 

3814.48 

33.79 

1. 13 

0.j>0 

0. 

0.0 

11609.22 

0.329 0.687 





0.3G 

0. 

0 . o 

0139.23 

333.23 100.00 

0.A08 

3329.41 

49.68 

1.11 

0. oO 

0. 

0.0 

10232. ev 

G.323 0.724 





0.30 

0. 

0.0 

672U.43 

390.87 100.00 

0^428 

2875. 12 

45,46 

1.09 

0.30 

0. 

0.0 

6779. F4 

0.327 0.760 



- 


0.3m 

0. 

O. 0 

3413.63 

268.64 100.00 

0.435 

2464.51 

41.35 

1.07 

0.30 

0. 

0.0 

7303.27 

0.337 0.791 





0.30 

0. 

c.o 

4290.93 

172.33 ICO. CO 

0.491 

2106.33 

37.60 

1.06 

0.30 

0. 

0.0 

3696.30 

0.337 0.813 





0.30 

0. 

0.0 

3329.33 

95.39 100.00 

0.538 

1792-22 

34.08 

1.C3 

0.30 

0. 

0.0 

4819.39 

0.^72 0.863 





0.30 

0. 

0.0 

2324.90 

37.24 100.00 

0.600 

1516.08 

30.78 

1.04 

0.30 

0. 

0.0 

1660 .69 

-2.05 100.00 

0.683 

1278.16 

27.81 

1.03 

0.30 

0, 

0.0 

1313.46 

-36.84 100.00 

0.813 

1069,86 

25. Cl 

1.02 

■ ' V 



TAKE OFF PcRFCRMANCe 








; STaNUaRC 

1 PLUS 23 OEGREES 

F TAM 



' 

0.30 

0. 

2S.0 

10149 .69 

736,91 100.00 

0-395 

4008.62 

34.51 

1. 14 

0.30 

0. 

23-0 

ir<.91.ct> 

0.393 0,673 





0.30 

0. 

23. C 

E634 • 06 

570.83 100.00 

0.407 

3524,15 

30.63 

1.11 

0.30 

0. 

23.0 

1041^'. 19 

0.338 0.710 





0.3C 

0. 

23.0 

7217.19 

927.29 100,00 

0.424 

3061.37 

46.50 

1.09 

0.30 

c. 

23.0 

3069 .Ab 

0.336 C.796 





0.30 

0. 

23.0 

3901.67 

307.17 100. CC 

0.447 

2640.97 

42.48 

l.Cb 

0.30 

0. 

23.0 

7b63 • f'6 

0.394 0.779 





0.30 

0. 

23.0 

9739.64 

206.19 100,00 

0.477 

2272.61 

38 .73 

1.06 

0.30 

0. 

23-0 

6353.33 

0.358 0.805 


. 



0.3G 

u. 

23-0 

3766-98 

123.36 100.00 

0.317 

1946,53 

33.32 

1.05 

0.30 

0. 

25.0 

5086.19 

0,383 C.821 





0.3O 

0. 

23.0 

2910.33 

39.35 100.00 

0.370 

1659.27 

32.04 

1,04 

0.30 

u. 

23.0 

2203.01 

12.23 100.00 

0,640 

1410.15 

29,06 

1.03 

0.30 

0. 

23.0 

1M3.10 

-23.50 100.00 

0,737 

llt«.31 

16,24 

1.03 
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■■ PRaTT ANb VvHiTKtY AIRCRAFT- 
KLKaTCH'cD S7S476 TURoUihAFT ENGiiVit ESIIi-^AUL PERFOKMAWCt 
U.S. iilAM>AKb AlM!)SHhEKE, 1962 lC-0 HEKCENT RAM RfcCGVEKY 

94 PERCENT ttAK EFFICIENCY 
• - ■ FRtfc TUKblNt KPM=t647. 

TARE OFF PEKFORKANCE 


STANUARO OAY lAM 


MN 

ALl 

lHaM 

PKOF ShP 

FN RES, 

HPK 

BSFC . 

WFT 

WAE 

PTa 

HN 

alt 

D1 AM 

NET ThRuST 

TSFC ETA PROP 





0- AO 

0- 

C . 0 

1GG.51 ,26 

541.34 

ICC. CO 

0,387 

3891*99 

52,96 

1.14 

0.40 

0- 

0.0 

10140.06 

0,384 G 

.775 





0.40 

0. 

0.0 

6484 .12 

384-27 

ICO, CO 

0.400 

3395,85 

48.91 

1--11 

0.40 

0. 

0.0 

6766. ce 

0,366 0 

.tC4 



. 


0.40 

0. 

0,0 

7004.06 

251.22 

IC-O.uO 

0.419 

2933.49 

44.79 

1.09 

0.40- 

' 0. 

- 0,0 

7416.77 

0.396 ■ 0 

.830 


■ 



0,40 

0. 

0,0 

5684.98 

135.51 

ICO. GO 

0-443 

2519,48 

40.85 

1-06 

0 . 40 

0, 

0.0 

624^-44 

0 .404 0 

.672 





C , 4 G 

0. 

c.o 

4537,54 . 

5C.30 

ICG. CO 

0 . 476 

2157.84 

57.24 

1,06 

0.40 

. Oo 


3549.65 

-16.90 

ICO. GO 

0.518 

1839.98 

33,85 

1,05 

0-40 

0. 

0.0 

2724-33 

-7C.24 

ICO, 00 

0.573 

1560-37 

30-69 

1,04 

0.46 

0. 

0.0 

2042.11 

-101.37 

100.00 

0,646 

1316.45 

27.81 

1.C3 

0-40 

0. 

0,0 

1468-55 

-126 .22 

ICO. CO 

0.753 

1106.46 

25,12 

I.C3 



\ 

TAKE OFF PtRFORMANCE 


- • 






'stancard Plus 25 

GtC-REES 

F TAM 


% 


0.4C 

c. 

25.0 

10542, 69 

576-87 

1CC.C& 

0-3BS 

4091.67 

53-69 

1,14 

0.4 0 

0. 

25-0 

X L 29 5.38 

0.397 C 

.766 





0.40 

0- 

25-0 

8997. fc4 

416.16 

100.00 

0.399 

3594-06 

49.84 

1.12 

0-4O 

0. 

25.0 

8995.^9 

0.400 C 

.792 


, 



0.40 

. 0. 

25.0 

7525.65 

282.29 

loO .00 

0-415 

3123.99 

45-82 

l.ic 

G.40 

■ 0. 

25,0 

7708.69 

G.4C5 0 

-620 

* 




0.40 

0. 

25-0 

6186-89 

171.73 

ICO -GO 

G-436 

2699 .,16 

41.95 

1.C6 

0,40 

0. 

25.0 

6442 . c 9 

0.419 0 

. 843 





0.40 

0 , 

25.0 

5023.02 

62.05 

100 -GO 

0,463 

2327,41 

38.40 

1.07 

0,40 

0 — 

25.0 

4004,00 

8,29 

ICO. 60 

0.499 

1997.14 

35, 06 

1,C5 

O 

t 

o 

0. 

25.0 

1 

. 3127-27 

-52.03 

100.00 

0,546 

1706-53 

31.91 

l.C-A 

0.40 

u. 

25.0 

2393.24 

-66.51 

100,00 

0.607 

1453.15 

29.03 

1.C4 

0,40 

0. 

25,0 

1782.34 

-117.82 

100.00 

0.690 

1229,20 

26,32 

!■♦ C ^ 
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PkAlT AND ViHlTNkY AlKCKAhT 

KbMAlCHfcD Sli.476 TURbUthMJ-T bN&lNb LSTIMATlU PfcHFOKNAM-b 
U.S. STANDARD ATMOiPHbkb, 100 PbRCbNl KAM KbCOVc-RY 

V9 PbRCbNT GEAR fcfFlClENCY 
lrk£E TURblNE KPMs=8i>47, 

TAKE OFF PEKFuKKaNCE ' . 


STANDAKL Day TAM 


HN 

ALT 

DTAH 

FRfP SFP 

FN RbS, HPX 

bSFC 

WPT 

WAb 

PTa 

MN 

ALT 

DThM 

NET THRuST 

TSFC LTA PROP 





0.0 

2CC0. 

0.0 

bfcb2.60 

1186,03 ICO. CO 

0,400 

356C-58 

55.98 

1,13 

0.0 

2000 . 

O.O 

130V9.4b 

0.256 0.0 





0.0 

2000. 

0.0 

7531. AO 

997.79 .. 100.00 

0.414 

3118.79 

51.86 

1.11 

0.0 

2000 . 

u.c 

133b A, 91 

0,233 0.0 





0.0 

1000. 

0.0 

62'0b.05 

521.11 100.00 

0.A34 

2695.89 

47,48 

1.0«* 

0.0 

2000. 

0.0 

12615,82 

0.214 0,0 


. 



0.0 

2d00. 

0.0 

A966-bA 

666.49 100, GO 

0,464 

23CA.77 

43.04 

1.07 

0.0 

2000* 

0.0 

11600.27 

0.199 0.0 





0.0 

2000. 

0.0 

3901. AO 

534.99 100.00 

0.503 

1962.89 

38,97 

1.C6 

0.0 

2000. 

0.0 

10A17.92 

0.18b 0.0 





0.0 

2000. 

0.0 

3000,05 

427,10 100.00 

0.555 

1665.77 

35.19 

1.05 

0.0 

20GC. 

0.0 

9613.2b 

o’. 173 0.0 





0.0 

2000. 

0.0 

22A4.A1 

332*90 ICO. GO 

0,625 

1402.61 

31.59 

I.C4 

0.0 

2000. 

c.o 

1632 . 41 ^ 

264.59 100. CO 

0.722 

1178.26 

28.39 

1.03 

p 

t 

0 

2000. 

0,0 

1117.52 

206,57 100. CO 

/ 

0,878 

981.38 

25.36 

1.02 



• ■ 

' TAKE OFF performance 


*'■' ■** 




■ 


standard plus 25 DEGREES 

F TAH 




0.0 

2000. 

ib.O 

9292-50 

1225.56 100.00 

0,402 

3733,97 

56,63 

1.13 

c.o 

2000 a 

2b. 0 

13338.59 

0.280 0.0 

. 




o.c 

2C0C. 

2D.C 

7957.12 

1037.88 100 -OC 

0, 414 

3291,37 

52.72 

1.11 

0.0 

2c OO. 

25.0 

13074. 57 

0.252 0.0 





0.0 

ZOL-0 . 

2b. 0 

5655 .0^ 

863.78 ICO. 00 

C.431 

2867.52 

46,55 

1.09 

0.0. 

20GC. 

2b. 0 

12A71.95 

0,230 O.G 





0.0 

2000. 

25.0 

5A17.55 

711.31 ICO ttOO 

0,456 

2469. 16 

44.24 

1,08 

0.0 

2GU0. 

25.0 

11654.55 

0.212 C.O 




• 

0.0 

2000, 

25-0 

<+335.44 

57A.83 100.00 

0,489 

2117-89 

40.22 

1.C6 

0-0 

2000. 

2.5.0 

10633.09 

0.199 0.0 





0.0 

20u0. 

25-0 

3395 . 6 b 

453,14 100*00 

0.532 

1807.87 

36.47 

l.Cb 

0.0 

1000. 

25-0 

9517.31 

0.190 0.0 





0.0 

2000. 

25.0 

25*-'2.69 

368.41 100,00 

0,592 

1534.86 

52.92 

1-04 

0.0 

20CC. 

25-C 

1932, A9 

291.21 100.00 

0.672 

1298.61 

29.67 

1.03 

0.0 

2UOO. 

25-0 

1385.04 

230.60 100,00 

0.788 

1090.90 

26.64 

1.02 
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PR/JT ANLi WmITNcY AlRCK^iFT 

ReKAlChEU- STi.476 TUKBOShAFT cNGINt ESTIMATED PEKFURHAKCE 
U.S. STaNUAKU AlMJiPhthE, 1962 ICO PtKCENT RAM REGOVERY 

V9 PERCENT GEAR EFFICIENCY 
FREE TURBINE KpM=e547. 


TAKE. OFF FERFGRKANCt 
SIANCaRD day TaM 


HN 

ALT 

UTAH 

PROP £hP 

pn res. 

HPX 

BSFC 

WFT 

WAc 

PTA 

HN • 

alt • 

L7«H 

NET THRUST 

TSFC ETrt PROP 




• 

C.I6 

2C00. 

0.0 


1011.46 

100,00 

0.3®9 ‘ 

3371.44 

55.65 

1.13 

0,10 . 

20CO. 

0.0 

14tCiG.7v 

0.2A1 0. 

311 





O.IC 

2C00. 

o.O 

757t-iO 

836.85 

lOG.cO 

0,413 

3128.29 

51.75 

i.U 

0.10 

200U • 

0.0 

13E0& .B9 

0.232 0, 

337 





0. IG 

20C0. 

0.0 

6241 ■ 60 

679.36 

100. CO 

0.433 

2703.15 

47.40 

1.09 

0.10 

2000. 

0.0 

1^126.31 

0 . e2 3 0 • 

370 


« 

■ 


G.IO 

20C0. 

o.c 

50C£:.09 

3^2.22 

100,00 

0,462 

2313.75 

42.99 

1.07 

0.10 

^ C* Vi t* 

c.o 

10666 .23 

0.217 0. 

408 




0*10 

2lOC, 

0.0 

393*^.56 

411.12 

100.00 

0.301 

1969^99 

38.91 

‘1.O6 

0-10 

2000 • 

0.0 

9134.63 

0.21& ,0. 

447 





O.IC 

2-000. 

0. G 

3C28.61 

.317,87 

100 ._00 

Q-352 

1672.44 

35.16 

1-05 

0.10 

2CC0. 

0.0 

2266,97 

242.60 

100,00 

0.622 

1409,22 

31.60 

1.04 

0.10 

2000 . 

0.0 

1655.73- 

173.37 

100-00^ 

0-715 ‘ 

1183.69 

28.3'9 

1.03 

0.10 

2000. 

0.0 

1138,44 

128.21 

100. uO 

0.867 

986.,57 

25.39 

1.02 




/ 

* 


/ 


N 



* 


Take 

; OFF performance 


•% 






STAN CARD 

t PLUS 25 DEGREES 

F Tam 

- • 



G.IG 

200 c. 

23.0 

9335.05 

1041.94 100. v»0 

0.400 

3744.76 

56.49 

1.15 

O.lu 

2000. 

25.0 

14746.41 

G.234 0.3G2 





0,10 

2000. 

23,0 

8003 .18 

875.00 100,00 

0.413 

3301.46 

52.61 

1.11 

c.ic 

2CQ0. 

23,0 

13370.34 

0.243 G.327 





0 — 1 0 

2000, 

23. G 

6689,30 

717. 3C ICC.CC 

C.43D 

2875.16 

48.43 

I.IC 

u.io 

2C 00 . 

23.0 

12279 -tl 

0,234 U-357 


• 



0.10 

20C0. 

23,0. 

345 B. 31 

569.32 100.00 

0.454 

2 477. G 2 

44.16 

1-Ob 

0.10 

2000. 

23.0 

10931.91 

0,226 u.'393 





O.IL 

2GOO. 

23.0 

4374 , 20 

44a. 31 100.00 

0.486 

2124.79 

40.15 

1.06 

C.IO 

2CC0 • 

23. C 

9546.05 

C.223 0.43D 


i 

- 


0.10 

2000. 

23.0 

3426.99 

349.90 ICO^GO 

0.53G 

1814.82 

36.43 

1.C5 

0.10 

2‘o00 . 

25.0 

8179,48 

0.222 C.472 





0. 10 

2000. 

23.0 

2619.98 

260.23 100, cO 

0.388 

1541-33 

32.90 

1.C4 

0.10 

2000, 

25.6 

1955.37 

200.67 100-00 

0.667 

X304.51 

29.67 

1.0^ 

0. 10 

200 c. 

2>,0 

14C7.49 

147.36 ICG, 00 

C-779 

1096,81 

26.67 

1.C2 
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I'RaTT and WHITNtV aJPXRaFT 

KtKAlLMEL S1S4T6 TUKbLbhAFT ENGiNb tSTinATEU PtRFCiKMANCE 
U.S- SlANbAKb A7^:JSH^lEkE, 1962 IbO HEPCENT RAM RECGVtKY 

99 PERCENT GEAR EFFICIENCY 
- FRcE TURBINE KPM=b!iA-7. ... 


Take off fekfcrmance 

STANbARb DAY TAM 


MN 

ALT 

DTAH 

PRUP SMP. 

FN RES. HPX 

BSFL 

kft 

WAE 

PTa 

MU 

alt 

' otam 

NET thrust 

TSFC ETA prop 





0«2l 

^00 0 . 

0.0 

9102.63 

851.98 LOO. GO 

0. 396 

3605-27 

55.51 

1, 13 

O.ZO 

2000. 

0.0 

12EM7.20 ^0.2E0 


- 



0* 2 b 

2000- 

0.0 

7704^.34 

688.63 'IGO-DC 

D,4lO 

3155,79 

51.40 

1.11 

0c20 

2000 ■ 

0.0 

llbl5®39. 

0.272 G.572 ' 





0,20 

2LOO . 

0.0 

6364 . b4 

535,95 100.00 

0.429 

2730. 17 

47,11 

1.09 

0. 20> 

2000. 

0.0 

10248.02 

0.266 0.615 



' 


0® 20 

2000. 

U.O 

5 111 . 23 

402,37 . 100. OG 

0.457 

2335.35 

42 .74 

1.C7 

0,20 

2000. 

0.0 

6786.11 

0 . db66 0 . 661 


\ 



C,20 

2000. 

0.0 

402 9. V9 

297.07 IGO-UG 

0,494 

- 1990.86 

36.74 

1.0 c 

0*2u 

2000, 

0,0 

7327.43 

0.272 0,703 

' 

’ 



0*20 

# 

2000. 

0,0 

3113. A6 

214.22 100.00 

0.543 

1691. 89 

35-06 

1-05 

1 

0,20 

2000. 

0.0 

2346.37' 

141.51 100.00 

0.608 

1427-20 

31.55 

1.04 

0,20 

20C0. 

G.G 

1723.48 

89.28 100,00 

0.697 

1200.60 

26.41 

1.03 

0.20 

2000. 

V 

0.0 

1197.42 

49,38 100.00 

0.836 

1001*35 

25.43 

1.02 




* 

TAKE OFF PuRFORHANLE 

1 


1 





■ STANbwRb PLUS 25 DEGREES 

F Tam 




0 . 2 c 

2000. 

25.0 

9514.39 

864.08 100,00 

0.397 

3780.40 

56.15 

1.14 

0.20 

2o0u. 

25.0 

12bbl,67’' 

0.293 C.521 





0.20 

2C00. 

25.0 

8 143.81 

722.74 100. OG 

0.409 

3331,41 

52-27 

1.12 

0. ^0 

200,0. 

25,0 

11717.3b 

0,284 0.557 


, 



0.20 

2000. 

25.0 

6821.46 

567,61 100.00 

0,425 

2901.18 

48.12 

■ 1.10 

0.20 

2OC0- 

25.0 

IC441.55 

C.278 0.598 





0.20 

2000. 

25,0 

5 566 . 

440.21 . lOO'.OO 

0,449 

25Cp,ll 

43.90 

1.C8 

0.20 

2000 . 

25-0 

9107.69 

U.1'74 0.643 


• 



0.20 

2b0 0 . 

25.0 

4475.24 

323.33 100,00 

0.480 

2146.21 

39.96 

1.C6 

0.20 

200U. 

25.0 

774t.b3 

0.L77 0,685 





0 . 2 c 

2Gi^0 • 

25-0 

3524. bl 

235,89 -ICC, GO 

0.521 

1835,15 

36.31 

1.Q5 

0.20 

2bOO. 

■ 25.0 

6442. 53 

C-285 0.727 




, 

0.20 

24^00. 

25.0 

2706.05 

165.09 100.00 

0,577 

1560,87 

32,85 

1.04 

0.20 

^000 . 

26.0 

2030 .o4 

11U.75 100.00 , 

0,651 

1322.39 

29-66 

1,03 

0,20 

2000, 

’ 25. C 

1473-11 

65-82 1G0.C0 

G ^Tb6 

1113.14 

26.71 

1.03 


26k 


PRATT ANO WhllNtY AIRCRAFT 

Rb/'iATCHfD STSA76 TURBUiMAKT ENGiNt ESlIMATtD PERFORMANCt 
U.S, SIaNDaKD aTMOSPHEREt 1962 100 PtRCENT RAM RECOVERY 

99 percent Gear EFFICIENCY 
FREE TUHblNE KPM=E5rA7, 


-TAKE OFF performance 
STa’iNUARu UAY TAM 


HM 

ALT 

DTaM 

PROP SnP 

FN RES. HPX 

BSFC 

WFT 

KAE 

PTA 

MN 

ALT 

DTAM 

NET TnKoST 

TSFC ETA PROP 





0,30 

200U, 

0.0 

9367.69 

696,99 lOO.OG 

0-391 

3t>60. 44 

34.92 

I.IA 

0.3 0 

2GC0. 

O.D 

11199.43^ 

0.327 0.678 


, 



0«3C 

2000- 

G.O 

7937. 03 

536.68 ICO .00 

0.405 

. 3202.51 

5C.84 

1.11 

0.30 

2000 . 

0.0 

9919.42 

0.323 0.715 



. 


0. 30 

2000, 

0.0 

6364-20 

395.97 100.00 

0.A22 

2769.32 

46-59 

1.C9 

0.3t* 

2000 . 

0.0 

6360.16 

0-324 0.732 





0„30 

2000. 

0.0 

52O1.01 

278.16 100,00 

0.448 

2372.89 

42,36 

1-08 

0.30 

2000. 

O. 0 

7149.91 

0.332 0.783 





0. ^0 

2000- 

b.O 

A 198, lb 

179.58 100. OC 

0.483 

2026-18 

36.48 

1.C6 

G.,30 

2a00- 

G.C 

3794.61 

0.350 0.809 


, 



0.3G 

2000. 

0.0 

3264.24 

105.34 100.00 

0.528 

1724.29 

34.88 

1.05 

0.30 

2000, 

0 .0 

4377 « t>3 

0.377 0.829 





0,30 

2000. 

0.0 

2477.26 

46.32 100-00 

0.588 ■ 

1457.19 

51.47 

1.04 

0,30 

2000. 

G.O 

1838.77 

* 1 

2.30 100. GO 

0.668 

1228.16 

* 28.42 

1.C3 

0.30 

2000. 

0.0 

130Q.G1 

-28.73 1QO.OO 

0.790 

» * 

1027,36 

. 25.54 

1.02 




TAKE OFF PERF'gRMANCE 




• 

• 



STANUARD plus 25 LlEGREES 

F TAM 

. 



0.30 

20o0. 

23.0 

9789,67. 

73(3.44 100.00 

0-392 

3838.73 

55 . 57 

1.14 

0.30 

20CC. 

23,0 

11241.66 - 

0.341 0.665 



- 


'0.30 

2u00 . 

£3.0 

83S2.93 

5 (4.38 100 • 00 

0.403 

3381.07 

51.70 

1.12 

0.3C 

2CC.G. 

23.0 

10063.88 

0.33t> 0.701 





0.30 

20c 0 • 

25 . 0 

7026.95 

43C.35 ICO, CO 

0.419' 

■ 2944,08 

47.60 

I.IC 

0.30 

2C00 • 

25.0 

8602-49 

0-354 0.738 


. 



0.3O 

2000. 

23.0 

3752.33 

312.90 100. Op 

0.441 

2536-95 

43,48 

1.06 

0.30 

2000 . 

23,0 

7A87.43 

0.339 0.772 



. ■* 


0.30 

2000. 

23.0 

4646,02 

2U8.96 ICO.CjO 

0,470 

2183.01 

39.65 

1,07 

0.3C 

2C viO * 

23.0 

6213-43 

Or331 0,800 





0. 30 

2000. 

25.0 

3681. A6 

129.97 106,00 

C.5C8 

1869.60 

36.11 

1.05 

0.30 

2000, 

23.0 

499-4.69 

0,374 0.818 





0.30 

2uiiO. 

25.0 

2848.27 

• 66.93 100,00 

0.559 

1593.07 

32.75 

1.04 

0.30 

2oo0 . 

23-0 

2156.84 

19.76 lOU.OO . 

0.627 

1352.31 

£9.65 

1.03 

0.30 

2000. 

23.0 

1384,10 

-15.87 10Q.00 

0.720 

1140.19 

. 26.77 

1.03 
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PkATT AIVU ViHIINtY AlFlCKAH 

RbHAlCH£U ST£x»76 TUKtU^HAFT ESHMATED PEKFOKKANCE 

U,£. STaNOAKU AlMuSPhEKE, 1962 100 PthCENT kAh KLCliVtKY 

FEKCtNT GirAk EFFICIENCY 
■ PKfcfc ToRESINc KPH=yS47* 


take off PEKF0RRANC6 
staNDaru Day taM 


MN 

ALT 

DTaM 

PROP *>HP 

FN R£b. 

HPX 

bSFC 

,WFT 

WAfc 

pta 

hIM 

ALf 

DTaM 

NET ThRuSl 

TSFC ETa prop 





0*-!iG 

2000 * 

0,0 

9732,72- 

550.72 

100,00 

0.36A 

3737-01 

54,10 

1.14 

O.AO 

20u0 « 

u,0 

.9629,90 

0,380 0 o 

769 


- 



0 0 A C 

2CL0» 

0,0 

‘825t>,86 

391,99 

100,00 

0.3'^6 

3267,48 

50,07 

1.12 

0 0 A 0 

2000 0 

0,0 

8E5;5.3i 

0 • ,^82 0 Q 

797 





0,AO 

2CG0. 

0,0 

6fcA3 ,21 

261,13 

100. UG 

0,413 

2825.63 

A5.9C 

1. 1C 

C,AO 

2000, 

0.0 

7261.3V 

0,389 0. 

82 5 


' - 



Oa A-0 

2000, 

0,0 

654a.A^3 

151,95 

iOO.OO 

0.A37 

2424.66 

41,8 2 

1.08 

O.AO 

2000, 

0,0 

596l’,20 

0,A05 0, 

847 


• - 



O.AO 

2000, 

0,0 

AA30,21 

66.23 

100.00 

0.466 

2074.96 

36,09 

1,07 

OoAO 

2000, 

0,0 

3474, 15 

”1,71 

1 

100,00 

0.5C9 

1769.31 

34 .63 

1,05 

Oo AO 

2000, 

0,0 

* 2665,55 

~54.15 

100,00 

0.562 

\ 

1498.47 

31,34 

1.0a 

O 

o 

2000 a 

0,0 

^00 3 • CO 

“C 6 , 70 

100,00 

0,632 

1265085 

28,39 

1.03 

0*A0 

2000, 

0,0 

1447.07 . 

-115. C8 

IGG.GO 

0,734 

1062.16 

25,6 3 

1.C3 





• TAKE 

OFF PfcKFDkMANCe 







• 

^ standard 

PLUS 25 

DEGREES 

F TAM 




C» 40 

' 20CC. 

25.0 

10177,70 

. 581.80 

ICO , CO 

0,385 

3.92C.63 

54,76 

1.15 

0,40 

2000. 

25.0 

V9AC.75 

0.394 0, 

760 





O.AO 

2 o 0 . 

25,0 

8712. 3‘^ 

a31 .63 

100,00 

0.396 

34A6«72 

50,90 

1.13 

0,40 

2000, 

25,0 

8726. 1-A 

0.395 0, 

786 





0.40 

<:000. 

25.0 

7320, AO 

296.51 

100 , 00 

0.410 

3004,33 

46.91 

1.10 

O.AO 

o , 

25-0 

7617.83 

G a 400 0 • 

815 





0.40 

2000. 

25.0 

6C27.52 

178,06 

iCC.GG 

0.45G 

2593,13 

A2 ,90 

1.C8 

0,40 

2C(<0. 

25.0 

6295.96 

0.412 0. 

83b 

0 



. 

O.AO 

2u00. 

25.0 

A8ye.7(> 

93,93 

1 

100,00 

0,457 

2233.22 

39.21 

1.07 

0.40 

2000, 

25-0 

3903.03 

25.29 

ICO . GO 

0.491 

1917.72 

35,82 

s 

1.06 

O 

e 

O 

2000. 

25.0 

3G49 . 39 


ICO. CO 

0.537 

1637.56 

32,59 

1,C6 

0.40 

2000. 

25.0 

2335 .82 

-*7;j4»62 

luo.oo . 

0,596 

1392.67 

29.60 

l.OA 

O.AO 

20G0. 

25.0 

1742. 9h 

-mz.ib 

100.00 

0,676 

1177.99 

26,83 

1,03 


I 


REPRODUCiBE.rry of the 
OBI fi-INAL PAGE IS POOR 


HkAll aNU WhlTMEY AlKCkAFT 

RtHnTLHfcU i)TS^76 TURbOiHMt"! fcNGlkt; FSTlMAltU RLK^CiRMA^Ct 
U.i. SIaNl-aKL AlMUivHl-tRtT 1®62 100 PhKCLNT KAM RbCCVbKY 

V9 PtRCENT GEAR tPFIClENCY 
f-R&E TURLUN& KPM=8^47« 


TAKE OFF PEKFOKMAtvCe 
standard day TAM 


HH 

ALl 

D7 am 

PROP ShP 

FN RhS. HPX 

bSFC 

WFT 

WAb 

PTa 

m 

alt 

DTaM 

NET THRUST 

TSFC eta prop 




. 

0.0 

SCt.0, 

G.O 

tAA9-31 

1154.90 100. CO 

0.395 

3337.53 

57,70 

l.X^- 

OoO 

sooo- 

O.O 

127V1.09 ■■ 

0.261 0.0 





0-0 

bCOO. 

o.o 

72u2.Ab 

964-62 100.00 

0,407 

2934.25 

53.66 

1.12 

0.0 

buOo , 

o.c 

123V1.9S 

0,257 0.0 





0.0 

5.000- 

0,0 

5977 .^5 

799,7 b 100.00 

0.426 

2544. 12 

49.28 

1.10 

0-G 

bC Ov • 

o.c 

11740.V2 

0,217 G,0 


• ' 



0-0 

buou. 

0.0 

9tl5.71 

650.35- ICO. CO 

0.453 

2179.95 

44.77 

1.C8 

0-0 

bOCG- 

O-O 

10070. i:9 

0.201 0.0 

% 

f 



0-0 

bCOO. 

a 0 

5767.07 

518,55 100.00 

0.489 

1853,33 

40.45 

'i.06 

O'.O 

5L00, 

0 — 0 

9769 -lb 

0,189 0.0 ■ 





0-0 

bOOO- 

0-0 

ZVlV.lC) 

415.35 100.00 

0,538 

1571.04 

36 -50 

1-05 

0,0 

5000. 

0.0 

b8C9.26 

0-178 G.G 

■ 

. 



0-0 

5000- 

0.0 

21B7.99 

326.18 100. CO 

0.604 

1322.23 

52.7b 

1.04 

0.0 

bCOO- 

o . 0 

1592-61 

258,68 100.00 

0,696 

1107.99 

29.35 

1-03 

0.0 

5000- 

0.0 

1105.95 

.200-26 100.00 

0.836 

923.06 

26.22 

1.C2 

, 

' 


TAKE OFF PERFDRMANCe 


. 






• STANDARD PLUS 25 DEGREES 

F TAM 




0.0 

5U0U- 

25-0 

678b • A-3 

1167.65 100,00 

0.397 

3490-51 

56.23 

l.lA 

G.O 

50CG- 

25.0 

1211*t.0o 

.0 — ^88 0 — 0 



* 


0.0 

5C GO . 

25.0 

7572.34 

996-91 100,00 

0 « 408 

3066-12 

54.40' 

1,12 

0.0 

SOilO. 

25.0 

120^8 • 23 

0,25o O.Q 





0.0 

5000- 

2 b . 0 

6575 ■ 74 

833-58 iOG.CC 

0.423 

2695.94 

50.23 

l.ir* 

0.0 

5000. 

2b. 0 

11551.48 

0.233 0.0 





0.0 

5000, 

2b .0 

5226 .24 

6E6-72 100.00 

0.445 

2327.61 

45.90 

1 a G b 

G.C 

5000- 

25.0 

lOfcbl -87 

0-« ^ 14 0.0 





G.O 

5000. 

25. C 

Ai63.b6 

556.22 'IGO.OO 

0.477 

1593.65 

41.66 

1.07 

0.0 

bOC.O. 

25-0 

9950.40 

0,200 0.0 





0.0 

500U . 

2b, 0 

3286 -9A- 

445.6b IC’O.OO 

0.517 

1700.87 

37.75 

l.Cb 

0.0 

50o0. 

25.0 

8926,95 

0.191 0.0 





0.0 

5000, 

Ib.O 

2515.92 

361.33 100.00 

f 

0.674 

1444.20 

. 34.10 

1.0a 

0.0 

5000. 

25.0 

1873. C 8 

283-11 lOO-CO 

C.651 

1218,58 

J 

30.63 

1.C3 

0.0 

6000. 

25,0 

1352.34 

222.97 100.00 

0.757 

1023.89 

1 

27.51 

1.03 


26t 


PRaTI and WHITNEY AIRCRAFT 

RtMAlCMED STSA7t» TUKbUihAFT ENGINE f:S1lMAT£C> PERFORMANCE 
U.S. ilANDAKU ATMObPhEKbf 19b2 ICO PtRGEM HAM RECOVEKY 

«9 PtRCENT Gear EFFICIENCY 
FRtE TURblNE RPM=8bA7. 

TAKE OFF performance 


STANDARD DAY TAM 


MN 

alt 

DTAM 

PROP SHF 

FN RES. HPX 

bSFC 

WFT 

■ WAE 

PTA 

HN 

alt 

dtam 

NET THRUST 

TSFD ETA PROP 





0.10 

6(0 0. 

0,0 


974.84 100.00 

0,394 

3348.00 

57,57 

1.14 

O.IO 


0.0 

13832 ,C6 

0.242 C.3C2 





0.10 

6000, 

0,0 

72AA.91 

816.71 100. CO 

0.406 

2943,27 

53.54 

1.12 

O.IU 

6000. 

O.O 

12btt9.82 

0.232 0.327 





0.10 

60C/G. 

0.0 

601 5 ,46 

663.11 100.00 

0.424 

2551.81 

49,17 

1.10 

0.10 

6000, 

L- .0 

11A37.7^ 

0^.223 0.357 





0.10 

6LC0, 

0.0 

4848.16 

525,03 100.00 

0.451 

2186,74 

44,68 

l.Ot 

O.ID 

6LCC. 

G ■ 0 

1 0 16^ • b6 

0,216 0.395 


- 

• 


0,10 

6C00, 

0.0 

3615 ,39 

406.13 lOO.CO 

0.487 

.1859,28 

40.38 

1.06 

0,10 

bOuO . 

0*0 

66^3,59 

0.214 0.433 





0,10 

6C00, 

0.0 

2946,53 

310,57 ICO, 00 

0,535 

1576,96 

36,45 

1.05 

0.10 

6000. 

0,0 

7A6b » A6 

0,211 0.486 





0.10 

6000, 

0,0 

2210,19 

239.18 100,00 

0.601 

1328,44 

32.75 

1.04 

0.10 

5000. 

0.0 

1616.34 

171,69 100,00 

0,689 

A 

1113.14 

29.35 

1.03 

0, 10 

60C0. 

0,0 

1122.47 

128,39 100.00 

0.827 

928.21 

26.25 

/» 

1.02 


■ 


' take off PERFORMANCE 

■ 

/ 






standard .PLUb 25 DEGREES 

F TAM 

■ 



0.10 

60CG. 

26.0 

8839,72 

1007,17 100.00 

0,396 

3501.40 

56.11 

1.14 

0.10 

6000, 

25.0 

13749,66 

0,256 0.295 





0,10 

6000. 

25.0 

7617 i<>4 

847,02 100,00 

0,406 

3096-38 

54,30 

1.12 

0,10 

6GC;0. 

26,0 

.127C1,17 

0.244 C.31b 


1 



O.IO 

5000. 

25,0 

6412,69 

691.67 ICO. CO 

0.422 

2703.82 

50.11 

X.IC 

0,10 

6000. 

2l».Ci 

1 1 64 C « A 

0,234 0,346 


/ 



0,10 

6 OOC , 

25,0 

6267.30 * 

562.69 iOO.CU 

0,444 

2335,39 

45; 82' 

1.08 

0,10 

6000 . 

25 «G 

10331. to 

0,226 0.380 





0.10 

6COO. 

25,0 

A217.64 

436.18 100*00 

0.474 

1999,96 

41. 5» 

1.C7 

0,10 

6000, 

25,0 

9067 « b2 

0.221 0.418 


■ 



O.IC 

6000. 

25*0 

3313.39 

341.96 100,00 

0.515 

1707, X4 

37.71 

1.C5 

0.10 

bUtfU e 

26,0 

7760,21 

0.220 0,456 

t 




0.10 

6000, 

26,0 

2639,81 

263.39 100,00 

0.571 

1449.41 

34,05 

1.04 

0.10 

5C0C. 

25.0 

1896,70 

1 

195,56 100,00 

0.645 

1224.02 

30.62 

l.Ci- 

0,10 

6OU0, 

25.0 

1372.66 

144,56 100,00 

0,749 

. 1028,78 

27.51 

1.02 


268 


PRATT and WHITNEY AIPXRaFT 

REMaICi-XU SU4lt6 TURlvUbHAFT ENGINE ESUMaIEU PERFORKANCfc 
U.i.. standard ATRJShhERL', 1962 IDO PEPDENT RAM RECOVERY 

99 PEKCtNT GEAR EFFICIENCY 
FRcc TURtlNE RPMs=b547, 


Take off performamcb 

STANuAKU DAY TaM 


MN 

alt , 

DTAM 

PRUP ShP 

FN RES, HPX 

BSFC 

WFT 

WAE 

PTa 

HN 

ALT 

DTaM 

NET THRuST 

TSFC ETA PROP 



• 


0«20 

EOCO . 

0.0 

E643.12 

830.69 100,00. 

0.391 ■ 

3379.88 

37,22 

1.14 

0»20 

ECGO. 

0.0 

12X11.25 

0,279 0*321 





0.20 

ECGO. 

0.0 

73A9 .54 

678.18 10... CO 

0-403 

297C.04 

33.19 

1.12 

0-20 

i>000. 

0.0 

10973.65 * 

0.27X 0-357 





0.2C 

5000. 

u.O 

6125,54 

532.43 100.00 

0-420 

2575.00 

4&.£6 

1.10 

0. 20 

5000. 

0.0 

9740,35 

0.264 O.oCO 





0 a 

5000. 

0-0 

4V45.01 

406.14 lOo.OO 

0-446 

2206.96 

44.42 

1.06 

C-2C 

5000 - 

0,0 

8419.-^3 

0.262 G.646 





0.20 

5000- 

G.O 

.3901,63 

298-55, leO.OC 

0.481 

1877,78 

4C-17 

1.C6 

0-20 

5000 . 

O-O 

7039,57 

0*267 6.669 





0.20 

5000. 

G.O 

3027.01 

212,39 100. UO 

0.527 

1595-09 

36.34 

1-05 

0,20 

5000- 

0,0 

5796.59 

0.273 0.736 





0.20 

5000, 

0.0 

2283ofcfc . 

146. OS 100.00 

0*389 

1344.50 

32.67 

1.04 

0.20 

50i. 0. 

0-0 

1679.C9 

94.20 100.00 

0. 672 

r 

1128.56 

29-35 

I.C3 

0.20 

5000. 

0.0 

/ 

1 179 .29 

54^42 100.00 

0.799 

l • 

942-27 

26 . ^ 0 

1.02 

• 



Take OFF .PERFORMANCE 


■1 ■ . 

» * ^ 

/ . 


f 

. 

- 


STANDARD PLUS 23 DEGREES 

F Tam 

- 



0.20 

5000. 

25.0 

■ , 8993 .74 

£59.06 100.00 

0-393 

3534.82 

57.76 

1.15 

0.2C 

5G0C. 

25.0 

12054 , 66 

0.293 0.509 





0.20 

5C00 . 

25.0 

7749.61 

706.15 100.00 

0.403 

3123.99 

33.93 

1-12 

0.20 

5CO0, 

25,0 

11018.^-9 

0.284 0.544 





0.20 

50Co . 

25.0 

6324.83 

563.15 iOO.OO 

0,418 

2728.32 

49. 8C 

I.IC 

0«20 

5000. 

25.0 

9&75,9X 

0.276 0.383 





0-20 

5000. 

25-0 

5362.83 

438.44 iOO.OO 

0.439 

2356.71 

45.54 

1.G9 

0„2G 

5000. 

25.0 

8670,89 

0.272 0.627 





0 » 20 

50ou. 

25.0 

4308 .06 

328.53 100.00 

0.469 

2020.11 

41.37 

1.07 

0.20 

5G00 , 

25»0 

7913.40. . 

0.272 0.672 


* 



0.2G 

5C(-0. 

23.0 

3401.18 . 

239. 6G lOC-CO 

0.307 

1723.94 

37.57 

1.C6 

0.2C‘ 

50u0 . 

25.0 

6177,63 

0,279 0-714 


■ 



0 . 2ii^ 

5uoo. 

25-0 

2619.15 

170.52 ICO -00 

Q.560 

1467.37 

33,98 

l.f 4 

0.20 

5000. 

\ 

25. C 

1964.44 

114.70 100.00 

0,631 

1240.43 

30.61 

1 . C A 

0.2G 

3000. 

25-0 

\ 

1433.93 

69.83 100. GO 

0.728 

1C44.03 

•27.55 

• 1.03 


HRATT AM) IvHlTNtY AIRCRAFT 

KtHATCHfcU STi4T6 TURt OSHAf T ENUlNt &ST1MATFD PERFORHANCt 
U,i>. i>lANl)AKL' ATKUijphbKc , lVt'2 lOO PcKCbMT KAM RfcCOVEKY 

99 kERCENI gear eFFIClENCY 
hKLE TUKblKc KPM=8547. 


TAKE OFF PcHFOkhANCe 
' standard day Tam 


MN 

ALT 

jTaM 

PROP ShP 

FN RES. HPX 

bSFC 

WFT 

WAE 

PTa 

MN 

alt 

Di AM 

NET TrlRUST 

TSFC ETA PROP 





0*30 

bOOO. 

O.O 

P 889.04 

692. fa & 100-00 

0 , 386 

3432.73 

5C) *63 

i.lb 

0*30 

30UO a 

O.t' 

1C570.A1 

0.325 0,663 





0*30 

5000 . 

0,0 

7583.43 

541.78 100.00 

0.397 

30 13. 65 

52.60 

1 . 1 ^ 

0.3C- 

boOO. 

0,0 

9431.75 

0.320 0.701 

1 

/ 



• 

0*30 

5C00 , 

o.u 

6317. 5A 

403.32 ICO.OC 

0,414 

.2614.0*? 

48.35 

1.10 

0.30 

5000. 

0.0 

8210.03 

0.318 0.739 





0.30 

50C0. 

. 0,0 

5107.22 

291.14 100. l >0 

U .439 

2240.45 

43. *57 

i.oe 

0.3C 

5000. 

. 0.0 

690b, 87 

0.324 0.775 





0,30 

5000. 

0.0 

405-^.23 

192.27 100.00 

0,471 

1909.95 

39.87 

1.07 

0*30 

5000. 

C„G 

5628.91 

0.339 0.8C2 





0.30 

5000 0 

0,0 

3161.50 

119.70 100.00 

0.514 

1625.49 

36,14 

1.C5 

0.30 

5000. 

c-.o 

4427.91 

0.367 0.815 


. 



0,30 

5000*. 

0.0 

240^.69 

59,39 100. CO 

0.571 

1371.96 

32.57 

1.04 

0.30 

5CC0, 

0.0 

1785,68 

15,25 100.00 

0.646 

1153.71 

Z9.33 

X.03 

0 

• 

0 

5000. 

■ 0.0 

1274 , 65 

-19.31 100.00 

C-758 

965.77 

26,38 

1 .C 2 


t 


TAKE OFF PERFORMANCE 

. • 

‘ ■ '* 





< 

STANDARU PLUS L5 DEGREES 

F TAM 




0.3O 

5000. 

25,0 

9 24 fa .50 

721.53 ICO, 00 

0.388 

3590.20 

57,17 

1,15 

0.30 

5000. 

25.6 

10571.02 

0.340 0-653 





0.30 

bu'DO . 

25 . 0 

7973. b2 

572.17 100.00 

0.398 

3171.08 

53.35 

1,12 

0.30- 

5000. 

25. u 

9522. a6 

0.333 0.6S8 * 





0.30 

500*0. 

25,0 

6722.15 

434,63 100.00 

0.412 

2768.48 

49,26 

1.11 

0.30 

50CC. 

25.0 

83b7.fa4 

G.33U 0.725 


• 



0.30 

5CC0. 

25.0 

5535.67 

318.69 IOC. 00 

0.432 

2391.83 

45,07 

1,09 

0.30 

500 0 . 

25.0 

7192.74 

0-333 0.761 





0.30, 

5000. 

25.(1 

4466 .22 

219.99 100.00 

0,460 

2052,89 

41.02 

1,07 

0,30 

500u. 

25.0 

5992.21 

0.3*t3 0.792 


• 



0.^0 

5000. 

25.0 

3545.23 

• 142.10 100*00 

C.496 

1757.26 

37.33 

1 .C 6 

0.3D 

5000. 

25.0 

4fc46 • 02 

0.263 0.814' 





0«3o 

5000. 

25.0 

2751.94 

77.56 100.00 

0.544 

1496.73' 

33.84 

l.Ci 

0.30 

5000 . 

25.0 

3930.77 , 

0.381 0.858 



• 


0.30 

500 c . 

25.0 

2C83.07 

29.10 itiu.OO 

0.609 

1267.82 

30,57 

l.O't 

0 

1O 

• 

0 

5000. 

,0 

153 o.‘il 

“4.62 100.00 

0,696 

1069.27 

27.60 

1.02 


270 


I 


1 


PRaTT aNU AIRCRAFT 

• RFMaTcHLU STSATb TuRhOiHAFT ENUKh tSTlMATL-D PEKFORMAf'CE 
U-S. blANbAKO AlmiPHERtT 196i 100 PbkCtNT RAM KfCf.VtRY 

9V PEKCtMT bEAk LFFIClrNCY 
FKt£ lUKblNL KPM=L5 a7* 

TAKt OFF FtFFCkMAMCh 


stanlaru day Tam 


H.M 

ALT 

DTaM 

- PkCF ShP 

FN RES. HPX 

BSFC 

WFT 

WAE 

PTA 

MM 

alt 

UTaM 

MET ThKUbT 

TEFL ETA PROP 





O.AO 

5000. 

U.O 

92h1.6E 

556.50 100,00 

0.379 

3506.19 

55.80 

1.15 

O.AO 

5000. 

0.0 

V344 . 13 

0.375 (-'.759 


- ’ 




50U0 . 

0 « 0^ 

VfcEZ.LU 

4 10. 6 O’ IGO.OO 

0.390 

3074. 8f^ 

51.79 

1-13 

C.40 

5000. 

c.o 

5107.27 

0 . ^7 6 0,7 L7 





0, AO 

5000, 

c.o 

6575. V5 

261-37 1{*0.C0 

0.4C6 

2666.56 

47.62 

1.11 

0,40 

500Q. 

0.0 

700b. 5b 

0.380 0.8X6 





O.AO 

5 vj 0 . 

0,0 

5341 .t.9 

175,66 100. GO 

C.A28 

2287.90 

43.37 

1.09 

0* AC 

5000. 

0,0 

5802.31 

C.594 G.640 

' 




0, AO 

5000. 

0.0 

426^,43 

£5, 5 4- 100.00 

0. 458 

1954.20 

39.42 

1.07 

U,AO 

5000. 

0.0 

3355,35 

20-86 ICO. CO 

cl A 97 

1666.46 

55.83 

1,06 

0.40 

5000- 

0.0 

2579.43 

-32,10 100.00 

0,547 

1410.09 

32,40 

1.05 

0,40 

5000 . 

0.0 

193V, 6fc 

-69^08 100.00 

C-613 

1188.77 

' 29,28 

1.C4 

G«40 

500C. 

0.0 

1^07-19 

-93.95 100.00 

1 

0.70^ 

997.23 

26.42 

1-03 

. • 



1 

Take off PtRFOKMANCE 


• 

* 



/ 


standarl 

, PLUS 25 LLGRlES 

F TAM 

/ 



0m40 

5000. 

25.0 

9614.21 

585.82 100.00 

0.381 

3667.12 

56.34 

1 * 1 D 

G,4G 

5000 . 

25.0 

9412 .22 

0.390 0.751 


1 



0,40 

5CG&- 

25.0 

&2c7,70 

440.79 ICO.L-O 

0.390 

3235-71 

52.53 

1.13 

0,40 

5000. 

25.0 

5312.58 

0,36 9 t.,776 





O.AO 

5oC0, 

25.0 

6998.04 

309.04 loo. GO 

0 . 4 04 

2824.79 

46.52 

1.11 

0,40 

5000. 

25,0 

7100,27 

0.392 0.805 





0.40 

5000. 

25.0 

5776 ,46 

203,04 100.00 

0.423 

2441.10 

44*42 

loO-^ 

0.40 

5(00. 

25.0 

6075.71 

0.402 0.8a1 





0,40 

5000. 

2b .0 

469 1 . 66 

ill.o3 lOU.OC 

0.447 

2099.24 

40.53 

l.Ct 

0.40 

50u0 • 

25.0 

5095.59 

0.A12 0.668 





0.40 

5000. 

25.0 

3754.12 

40.85 100.00 

0,480 

1801.32' 

' 37.00 

1.06 

0.40 

5C‘.0. 

25.0 

2936.63 

-12.03 ICO. 00 

C.524 

1537.74 

33.65 

1.C5 

0.40 

5000. 

25.0 

2249,04 

-55.71 100.00 . 

0.560 

1305.28 

30.49 

1.04 

0.40 

5000. 

25,0 

166 4 « 26 

-84i,85 100.00 

0,655 

1103.48 

27,62 

' 1-03 




PkATT and khllNbY AiRCKAbl 

RtMAlCHhD STSA76 TUkbUthrtH hNDlNt ui>l IfiAT t U PLhf-DkMAKCt 
U.S- SlANbAku AlNDbPKLRtiT 100 PthCtNI KaM RhCt'ViikY 

9y PEhCENT DtAK EEblClENLY 
EREE TUKblNC- RPP.-bbA? . 


Maximum LLIMD FEKFOKMaNLE 2b0KEAS CLIM.P PATH 
stakdaku Lay tak 


HN 

ALT 

dtam 

PKDP iEiP 

Ffs. RES. 

HPX 

bSFC 

WFT 

WAt 

PTa 

1 

ALl 

DlAM 

KfcT ThRDST 

TSPC ETa prop 





m * 

0. D - 3L 

0 . 

0.0 

106L3 .28 

652.66 

100 . uO 

0.3b4 

4105.56 

54.96 

1.15 

0,38 

0. 

0.0 

lU>bt>.77 

0.371 D 

.747 


/ 



i- -3fc 

0. 

0.0 

8327.73 

410.63 

100.00 

O.A03 

3355.91. 

48.89 

l.ll 

0.3£' 

0. 

0.0 

‘>0^7,23 

0,371 L 

.7<i4 





G.38 

0. 

0 . 0 

6&6d . A9 

273.79 

100. GO 

0.422 

2897;i7 

44-75 

1.0*^ 

0.38 

0- 

0,0 

Tfc27.b9 

0.380 G 

.821 





0-38 

. Os 

. 0.0 

5549.27 

166.05 

ICC. 00 

0,448 

2485.95 

40-77 

l.Cfa 

0-38 

■ 0. 

0.0 

4422.29 

75.14 

100,. 00 

0.981 

2128.24 

37.15 

1.C6 

0-38 

0. 

0.0 

3457.64 

1.04 

100. CO 

0.525 

1814.97 

33-78 

1.05 

0.3b 

0. 

0.0 

2636.82 

-46.25 

ICO, 00 

0,583 

1536.68 

30.56 

1.C4 

0.38 

0. 

• 0,0 

19b8 ,75 

-79.52 

100.00 

0-o59 

s 

1297-75 

27.69 

1.03 


54 c . 9 6 

10000. 

0.0 

9284,79 

5i<).89 

ICO. 00 

0.366 

3398-05 

60-lB 

1. 20 

0.96 

iL'Ouu. 

0.0 

8565 ,53 

0,397 0 

.768 



• 


ftfAXtfje«.-,4 6 

IL'OL'O • 

c.o 

7499. 9C 

375.52 

ICO. CO 

0.377 

2624.62 

54-44 

1.15 

0.46 

10000, 

0.0 

70fc6-25 

0,3‘^9 0 

.790 





0-96 

10060. 

0.0 

6336.50 

254.90 

iOG-UO 

0.389 

2460,06 

50.26 

1-13 

0.46 

ICCOO. 

0.0 

6085 . t' 2 

0 . 4ti4 ■ {; 

.823 





0-46 

lODoO. 

0.0 

5215 .63 

150.76 

100-00 

0.406 

2119.11 

45.97 

1-10 

0.46 

10000. 

U .0 

5077.41 

6.917 0 

* 894 



'■ 


0-46 

lUOUO a 

0-0 

4187.69 

69.54 

160,00 

0.432 

180P..84 

41 .75 

1.C9 

0.46 

10000. 

0.0 

4210,73 

0.930 0 

,183 





0-46 

ICGGO. 

c.o 

3318.47 

3.59 

ICO, 00 

0,464 

1541.37 

t 

37-92 

1-G7 

0.46 

10 000 - 

0.0 

2578 .16 

-41.64 

108. OC 

0.507 

1306.63 

34.36 

1.06 

0.46 

lOCOO. 

0.0 . 

1956.06 

-82.43 

100,00 

0.562 

1099.04 

30.98 

1.C4 
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fRATl AND WHiTN'tY AltsCRArT 

RcNaTCHlD !>1SA76 1 Ui<bDiiHAl*'r bN&iNc t S-1 a ilAl lD „P t KPOfsrtANCb 
U-i. ^TANuARU ATML’iiPHEKb » 1«61 100 PlkCLNI KaM KfcCCVLPY 

y9 PbRC&fviT Ct-Ak 1-hFlLlbMCV 
S-REE UiRblNt RPK=fc!>A7, 




Maximum climp pereokmakce 

250KOAS 

CUIM.O 

Path 






s 

TANLAku uay Tam 





MW 

AL7 

D7 aM 

PKCK bhP 

FM RbS, 

hPX ■ 

faSFo 

WFT 

WAi; 

PTa 

K W 

alI 

L>T aM 

Ntl IwRUST 

TSFC l-TA PROP 

» 




■c’ AX tli 0 « 5 

kliOCrO. 

0.0 

7140,39 

523,90 

100, C-0 

0.353 

2765,75 

65,05 

1. 2£ 


kOOUU, 

0.0 

64b L . 4-3 

0.426 0. 

795 





bb 

tOOoO. 

0.0 

6537 o 56 

341.77 

100.00 

0.357 

2332,14 

59,67 

1.22 

0*56 

10000. 

0,0 

5464,96 

0 0 4£»t 0 , 

621 





0 • i)b 

£.GCuCi , 

0.0 

56b6 .41 

236,54 

loo . GO 

0,363 

205t.;00 

55,77 

1,U 

0 « ^ b 

1 C coo. 

0-Q 

4742.71 

G .434 G. 

635 



• 


0- bfa 

20Gu0. 

. 0.0 

4799.37 

147.14 

100,00 

0.373 

1790,70 

51.57 

1, 15 

0.5b 

2t000. 

0,0 

4033.71 

0,444 0, 

£50 





0,56 

ZOCuO • 

0.0 

3952.16 

67,10 

100.00 

0.389 

1537.41 

,47.0V 

1.12 

0® 5 b 

i.0000. 

0,0 

3322.33 

0,463 0. 

£65 





0,56 

10000 • 

0.0 

3161.91 

5.96 

100, GO 

0.413 

13G7.42 

42.68 

1.10 

0.56 

2000 0, 

0.0 

tm b n 

0.497 0. 

B72 





0. 5b 

20 Out). 

0,0 

2493 ,46 

-40.99 

100.00 

0.444 

1106.74 

38,58 

1.C6 

0.56 

lOOCO. 

• 0.0 

1929.63 

-76.65 

100-00 

0.433 

931.61 

34,81 

1,06 


.PA,r£t 0.6 7 

28250, 

fc.O 

6565.65 

455,76 

100,00 

0.347 

2285.32 

67.15 

1.36 

0,67 

2£25iJ , 

0.0 

4647,72 

0.471 0 

,809 


f 



/•f-'..xa?o,6 7 

4 5 0 ■ 

0.0 

5827.01 

337.45 

ICO.OG 

0.344 

2002,85 

64.02 

1.31 

0,67 

a.8 4 50, 

0,0 

4 294,17 

0.466 0 

.624 



- ■ 


0.67 

2S250. 

0,0 

5 146 . 70 

239,77 

ICG, 00 

0.3^6 

1780.83 

60.31 

1.26 

0,67 

28250. 

C..,Cf 

3789,85 

0.470 0 

-637 





0,67 

28250. 

0,0 

4467 ,14 

153.19 

ICO. 00 

0.351 

1566.92 

56.33 

1,22 

0.67 

28250, 

0-U 

3275.60 

0.47b il 

. 848 





0.67 

418250, 

0,0 

3791. 19 

78,38 

100,00 

0,359 

1362.30 

52.07 

1.16 

0,67 

2 8 250. 

0.0 

275bo 60 

0,494 0 

,657 





0,67 

48^50 a 

C • 0 

3116.69 

15.45 

100. GO 

0,374 

1165.49 

47,47 . 

1.15 

0,67 

26250. 

0,0 

2486..C4 

-33.42 

100,00 

0 .'396 

985,70 

42.84 

1. 12 

0.b7 

2825G. 

0-0 

1958 ,53 

-69,12 

100.00 

0.425 

831.69 

38 . 70 



2T3 


PRaIT aNO WhlThJ&Y aircraft 

REHATCHtL- STiA76 TUktOSHahT bNOlNt tSTiMATfcD PLKFORMANCh 
U.S. bJANL’AKO AThObPHLRtf 1V62 ).00 PfcRtENT RaM KtCOVERY 

VV PERCENT tFAR fcFFIc'ltNCY 
PKE£ TURBINE KPM=8&47. 


maximum climb PcRF-ORMANCE 250KEAS CLIMB PATH 
STANL'AKU DAY TaM 


MN 

ALT 

DTaM 

PROP StlP 

FN RtS, 

HPX 

bSFC 

WFT 

WAc 

PTa 

MN 

alt 

DTaM 

NET THRUST 

TSFC bTA PROP' 






bOGOO 

0*0 

6308.22 

442.02 

100. CO 

0*346 

2163.55 

67.25 

1.39 

0-t>9 

Oo 0 . 

u.D 

4^»-96,47 

0.486 0 , 

805 ' 






:;GGOO. 

0 0 Q 

5652,99 

333*42 

100,00 

0.342 . 

1,930.84 

64.70 

1.3^ 

0„69 

50000, 

0 

4025,29 

0#48o 0 . 

818 





0.69 

3L>C00 a 

0 « 0 

5010. &4 

239.42 

100.00 

0.343 

1721-.41 

61.10 

1.29 

0*t>9 

3C0G0. 

0*0 

3563,36 

0 m 483 C . 

830 





0.69 

;30000. 

. C^O 

4369.19 

154.61 

100.00 

0.347 

1516.59 

57. lA 

1.24 

0,69 

500uu « 

0.0 

3081.53 

0,492 0 . 

840 





0.69 

iOCGOc 

. 0.0 

3732.35 

78.93 

100.00 

0.354 

1322.14 

52.96 

1.20 

0.69 

30000, 

0.0 

2597,96 

0.509 0. 

846 


* 



0.69 

3000G. 

0.0 

3085.76 

16.44 

100.00 

0.367 

a 

0*388 

1133.00 

48.37 

1.16 

0.69 

30000. 

O.G 

2472.79 

-32.24 

100*00 

• 958.82 

43.67 

1,13 

0.69 

3G0G0.' 

' 0 B 0 

1950.92 

-67.74 

100.00 ' 

0,414 

808.53 

39.42 

1.10 


/MX a 0.80 

rtiUCO- 

u.o 

5462.63 

396.86 

100.00 

0-342 

1868.42 

67.64 

1,49 

0.80 

36 COO. 

0,0 

3510.09 

0,551 

0.804 

• 




/MXiieG.eo 

360Cr0» 

0,0 

4988 .92 

307.03 

100. 00 

0.335 

1671.47 

65.84 

1.43 

0.8G 

36000 * 

u.o 

■ 3190.70 

0.524 

0-814 





0.80 

36000 « 

0,0 

450 4 .57 

229-86 

100.00 

0.334 

1506.78 

62,86 

1,38 

0.8G 

360 O C tt 

G.O 

2864 a 66 

0.526 

0.S23 





0,80 

36G0U * . 

0.0 

3962.62 

149.96 

IGG.CO 

0.336 

1331.62 

58.98 

1,3^ 

0.80 

^6 C‘ 0 Cl o 

G.O 

2464.89 

0 .536 

0.830 


\ 



O.SO 

36CC0. 

O.G 

342o • 23 

78.00 

100,00 

0.540 

1165.28 

54.89 

1,26 

0,80 

36&00 .ft 

C' . u 

2094*25 

0 . 556 

0.829 





0. 80 

3600 Of 

0.0 

2885 . 12 

16,08 

iOO.OO 

0.34E 

1004.41 

50.44 

1.21 

0.80 

36CC 0 4i 

0,0 

1690.76 

G.594 

0,816 





0. 80 

36000^ 

G.O 

2354 . 58 

-33.29 

ICO. 00 

C. 363 

853-95 

45.77 

1, 17 

0.80 

36GG0. 

0.0 

1869.45 

-69.39 

100,00 

0.384 

718,49 

41.22 

1.13 
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f»RflTT AND' WHlTNfcY AIRCRAFT 

RfcMATChhL- STS^To TDRhOShAFT tNGlNL tSTlMATcD PfcKFDKMANCE 
U.s. SIaNDAKD ATKDijphckt; , 1962 , 100 PERCENT RAM KcCOvtRY 

99 PERCENT GEAR EFFICIENCY 
FREE TUKhlNh RPM=Ei)47. 


part PUwEK PEkFORHANCt FRUM MAXIMUM CclMB 

standard day tam 



aLT 

DTaM 

PROP ShP 

FN R6S. 

HPX 

bSFC 

WFT 

WAE 

PTa 

HN ■ 

alt 

dt>=.h 

NET thrust 

TSFC fcTA PROP 





MX Cl 0.^5 

G. 

0.0 

10554.47 

701.20 

100. CG 

0,366 

4078.95 

55-17 

1.1^ 

0,35 

0. 

0.0 

11456,92 

0.356 0 

.724 



• 


hlMCS, 0,35 

C. 

0.0 

8232.05 

453.67 

lou.oo 

0.405 

3336.82 

49.12 

1.11 

0.35 

0. 

.0.0 

9433.43 

0.354 0 

.775 



• 


0.35 

0- 

0.0 

6786. 12 

313.26 

100 .00 

0.425 

288G.95 

44.95 

1.09 

0.35 

. 0. 

o.c 

b602.17 

0,360 0 

.805 





0.3 5 

0* • 

0.0 

5479.67 

196.94 

iOGr. GO 

0.451 

2471.27 

40.93 

, 1.C7 

0.35 

0. 

6.0 

4354.67 

105.06 

100,00 

0.485 

2113.36 

37.25 

1.06 

0.35 

0. 

0.0 

. 3383.43 

41,35 " 

100.00 

0,532 

1799. 89 

33.82 

1.C5 

0.35 

0. 

O.G 

2577.61 

-14.22 

ICO. GO 

0.591 

1523,78 

30.59 

1.C4 

0.35 

G. ' 

't 

0.0 

1919.01 

-55.90 

100.00 

0.670 

\ 

1265.73 

4 

27.67 

1.0- 

MM CL 0.50 

0. 

O.G 

1GS77-10 

417.56 

IGG.OG 

t 

Q.377 

4097.84 

52-71 

1.15 

0.50 

0. 

0.0 

9272,53 

0.442 0 

.826 





(*^0.50 

0. 

0-0 

6633 .63 

224,63 

ICO -00 

0.391 

3456.71 

47.7 5 

I.IZ 

0.50 

0. 

o.c 

7593.51 

0,455 0 

.647 





0.50 

0. 

0.0 

7326,19 

92.55 

100.00 

0.408 

2987.60 

43.78 

i.it 

0.50 

0- 

O.G 

6311.36 

0.473 0 

.661 





0.5G 

- 0. 

c.o 

5961.75 

rl'.Sl 

-ICQ, CO 

0.430 

2572-61 

40.07 

1.C6 

0.50 

0. 

0.0 

5128.18 

0.502 0 

• 870 





0.50 

0. 

0.0 

4605 .21 

-76.14 

100.00 

0.459 

2207,41 

36 . 62 

1.C7 

0.50 

0. • 

b.o 

3792.56 

-136,76 

, 100.00 

0.497 

1885.61 

33.38 

1.05 

0.50 

0. 

• c.o 

2943.69 

-179.59 

100.00 
■ \ 

0 . 544 

»• ^ 

1602.31 

30.38 

1.04 

0.50 

0, . 

0.0 

223 8.46 

-206.62 

100.00 

0.606* 

1357.44 

27.63 

1.C2 


2T5 


PRATT AND WHITNEY AIRCRAFT 

REMaTCHlD STS^76 TUKbOSnAFT LNLINE cSTlH^TEO PERFUKMANCE 
U.S. itTANDAKD aT MHSPH&K t » lOO PERCENT RAM RECOVERY 

',99 PERCENT GEAR LFFICItNCY 
FREE TURBINE KPM=Et47, 


PART POWER PERFOKNANCE FROM MAXIMUM CLIMB 

stanuaku cay IaH 


HN 

ALT 

DTaM 

PROP ShP 

FN RES. 

HPX 

BSFC 

WFT 

WAE 

PTA 

MN 

alt 

DTaM 

NET THRUST 

TSFC ETA PROP 





/tVtf-iX. O.oO 

0. 

0.0 

10t«0-00 

205.46 

100 -00 

0.370 

4034.28 

5C-12 

1.15 

0.60 

0. 

0.0 

,7896.71 

0.511 0. 

860 





MAX Cf^ 0.60 

0. 

0.0 

9365 -BO 

68.45 

100. CO 

0.380 

3557.96 

46.59 

1.13 

0. t>0 

0. 

0.0 

673t . 14 

0-528 0. 

868 

' 




0.60 

0. 

0.0 

7799-61 

-51.02 

100. OtI 

0-395 

3080.08 

42.82 

1-11 

0. 60 

0. 

0.0 

554E . 29 

0,555 0- 

874 


■ 



0.60 

0. 

0.0 

6A2«,35 

-141.95 

100.00 

0.<i-14 

2659.66 

39.34 

1.09 

0.60 

0. 

. c.o 

4472-74 

0.595 0- 

87A 





.O-faO 

0. 

0.0 

5210.74 

-2U.09 

100. OC 

0.A39 

2286-95 

36.05 

1.C7 

0.60 

0. 

0.0 

4153 .96 

-261.99 

1 

100.00 

0.471 

1958-22 

32-98 

1.06 

0.60 

0. 

0-0 

3268-96 

-297.87 

100,00 

0.511 

1669.20 

‘30.15 

1.05 

0.60 

0. 

0-0 

2528.95 

-321.88 

ICO -CO 

0-561 

1418.87 

27.56 

1-C^ 
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EBPRODUCmiLITy OF THE 
OlUGINAL PAGE IS POOR 


PRATT AND WHlTNtY AlKCf;AFT 

RLMaTCmED STi^76 TURbOShAfl LNGiNt tSUKAUD PERFORMANCE 
U.i. STANtAKU ATKuSPhtKb, U.0 PC-kCtNT RAM KECOVEKY 

99 PtRLcNT GcaR tFMLl£N'CY 
FREE TURBINE KPM = ti)A7. 


Part PUWtK PERFORMANCE FKliH MAXIMUM CLIMB 


STaNLaRU day TAM 


M N 

ALT 

01 AM 

PROP S.hP 

FN KtS. 

bPX 

BSFC 

WFT 

WAE 

PTa 

t 


ALT 

OTAM 

JVlT ThkuST 

TSFC hlA 

PROP 






MA?' a. 0.3F 

1500. 

0.0 

1031 1.9E 

707.90 

100.00 

0.384 

3962.42 

56.08 

1.15 

C..3D 

15CC. 

0.0 

11169.45 

0.355 C 

.71? 





15C0- 

O.C 

faC9l,irb 

462.84 

lo: .00 

0.402 

325CcG3 

50.05 

i.U 

0.3i> 

iiCC. 

0,0 

9255.40 

0.551 0 

.76i< 





0.35 

1500. 

0.0 

6690 .69 

327.31 

lou .00 

0.420 

2810,22 

45,68 

1.10 

0.35 

1500. 

0.0 

7E95.49 

0*356 0 

.799 





0.35 

1500. . 

0,0 

5406.30 * 

208.70 

iOO.OO 

0 . 446 

2408.64 

41.73 

l.OL 

C.35 

15CC. 

C.G 

6710.13 

0,359 0 

.850 





0.35 

1500. 

0.0 

4298,72 

118.89 

ICO. 00 

0,479 

2059.25 

37,97 

1.C6 

■ 0.35 

1500, 

0.0 

3350.86 

49.90 

100. DO 

0.523 

, 1753.99 

34 .47 

1.05 

0.35 

1500. 

0.0 

2550.27 

“9.0 4 

100,00 

V 

0.580 

1483.7.9 

* y 

31.14 

1.C4 

0.35 

15C0. - 

c.o 

1906.63 

-47.53 

ILC.OG 

0.657 

1 

1251.96 

28.17 

1,03 


- 1 



!i: 

I t: 


MAX a. U.5C 

1500. 

0.0 

10884.97 

460.65 

lOG-GG 

0.373 

4062.22 

54 .2 1 

1.1b 

C.5G 

1500, 

0.0 

9307 - 10 

0,426 0 

.621 




1} 

ilAXCZCr^5C 

1500. 

C.O 

8670.78 

246.98 

ICO. CO 

■0-368 

3366.91 

48,66 

1-13 H 

0.5u 

1500. 

0.0 

7487,30 

0,450 0 

-843 




■r: 

0.50 

, 150jt. 

G.O 

7206 .76 

liV.25 

iCO.OO 

0.404 

2912.61 

44,65 

l.ic 

•0.50 

1500. 

0.0 

6250,92 

0.466 0 

.859 




'1'' 

0,50 

15o0. 

0 • 0 

5685-03 

19.15 

ICO. 00 

0.426 

. 2505,42 

40.81 

1.08 I 

0,50 

1500. 

0.0 

5064 .43 

0 .493 0 

, 869 




f 

G.5u 

15C0. 

O.C 

4737,74 

“61-81 

ICC. CO 

u-454 

2148,72 

37,28 

1.C7 1: 

•• i " 

0.50 

1500. 

0-0 

3739.96 

“114,96 

ICO. 00 

, 0.491 

1636.10 

33.99 

i 

1.C6 f 

0.50 

1500. 

. 0,0 

2909.52 

“165.60 

100.00 

0.536 

1559.90 

30.91 

1.04 p 

0,50 

15 CO. 

c.o 

2213.75 

-190.35 

100,00 

0.5''? 

1320.67 

28.10 • 

1.04 ; 


msmm 








' PRaTT and WhITNfY AlKCkAr-T 

R£MATCH£L= SUA76 7URt»Ui,HAFT EN&JNb t<11MATED PERFORMANCE 
U.S. SIaNUaKU AThObPhERE» 19<.2 ICO PtkCbNT KAM RECUVEKY 

99 PERCENT CfcAK fcFFIClCNCV 
PKte TUKbINt kPM=Et)47. 


part power PERFOKiMANCL from maximum -CLINB 
siANDAkb Day Tam 


MN 

ALT 

LTAM 

PROP SHP 

FN k£S. 

HPX 

bSFC 

HF7. 

WAE 

PTA 

UN 

ALT 

UTaM 

NET ToRUSl 

TSFC ETA PROP 

1 



.• 

i\Ayi<2L c .<Jc 

O* 6C 

1300. 

1300. 

0.0 

c.o 

10690.00 

7947.74 

248.95 
0.503 0. 

ICG, GO 
657 

0-367 

3995.06 

\ 

51.53 

1. 16 

0*6C 

1300. 

ISOO. 

0.0 

O.G 

9176.73 
6659 . 9o 

95.72 
0.520 0. 

100.00 

8t.7 

0,37£ 

3464. 53 

47.45 

1.13 

0a60 

O 4 tjO 

itco. 

1500 . 

0,0 
u . 0 

7 666 . 5ti 
,5499.37 

-28.66 
0.545 0 . 

100 . CO 

874 

0.391 

2999.57 ' 

43.62 

1. 11 

0.60 

0.60 

1500. 

1500. 

’0,0 

0.0 

6320.77 

4444,45 

-118.09 
0.563 0. 

ICO. 00 
675 

0.410 

2589.56 

40.05 

.1.09 

0.60 

1500 . 

0.0 

5124.66’ 

-186. 2G 

100.00 

0 ,434 

2225.64 

36.6 8 

1.07 

0.60 

1500. 

0.0 

4089.61 

-238.45 

ICO, 00 

0.466 

1905.40 

33,55 

l.Gb 

0.60 

1500. 

0.0 

. 321E.13 

-274.70 

10 If -00 

0.504 

1622.92 

30.63 

1.05 

0.60 

1500. 

0.0 

2492.50 ' 

-299.35 

100.00 

0.553 

1379.20 

27.99 

? : *. 


2T8 


. Pl^ATl AND Vf’hlTNEY AlKCRAFT 

•kEMATCHifD SISATt. TUKBOSHaFT ENUINV ESTIMATED PERFOKMaNCE 
b.i. STANuAKD AlHUbPMEKirt 19fc2 100 PERCENT RAM RECOVERY 

99 PERCENT DEAR EFFICIENCY 
FREE TokBlNE KPM=Hf)47. 


PART PtWiiK performance FROM MAXIMUM CLIMB 

standard day tah 


MN 

ALT 

UTaM 

PROP ShP 

FN RES. 

HPX 

ESFC 

WFT 

WA E 

PTa 

MN 

ALl 

ul aM 

NET ThkoST 

TSFC ETA PROP 



' 


mA CL 0,3b 

5000, 

0.0 

9T1S.&7 

709.19 

ICO. 00 

0.379 

3686.28 

58.16 

l.lo 

0,35 

5000. 

0.0 

10A7L .0^ 

0,352 0. 

702 





,HAi<CSC-.35 

5000. 

C .0 

7719 -&3 

478.4-7 

100.00 

0.394 

3042,36 

52,23 

1.13 

0.35 

5000. 

0-C 

E7V6.92 

0 n 346 0 , 

752 


1 



0,35 

5000. 

0.0 

6^35. A5 

545,05 

100,00 

0.410 

2638.72 

A6.02 

1.10 

0.35 

5000. 

0 . 0 

7592. 50 

0.348 Q, 

76 6 





0,35 

500U, 

0.0 

5220.9fe 

225.50 

100,00 

0.433 

226 T. 34 

*T 3 .67 

. i.oe 

0.35 

5000. 

0,0 

6oi*-.17 

0,358 0. 

815 


■ 



0,35 

5C0C. 

0.0 

4154.52 

136.16 

100.00 

0,465 

1930.47 

39-66 

1.07. 

0-35 

5000. 

0.0 

3254,29 

65.05 

100.00 

0-505 

1643.59 

35,98 

1.C5 

_0,35 

5000, 

0,0 

2486.37 

12.53 

100,00 

0.559 

1389,64 

32.49 

■ 1,C4 

‘ 0.35 

5000- 

■ 0.0 

■ 1655-15 

-24.19 

100.00 

0.631 

1169,86 

29.31 

1,04 


,V!AXG-G.5 0 

5000, 

G.G 

10401.72 

504.53 

100.00 

0,368 

3828.77 

56.62 

1.18 

0,50 

5000 • 

0,0 

8956, 10 

0.42b 0, 

810 



- 


,ai?AHC^o.50 

5000 - 

0.0 

fcZ63.67 

281.39 

100. QO 

0,351 

315.1.85 

50.75 

1. lA 

C.50 

5000 . 

0,0 

7197.59 

0 . 438 0. 

835 





0,5u 

5000, 

0,0 

6913.00 

158,98 

ICO, CO 

0.395 

2733^71 

A6.69 

1.11 

0,50 

50C0. 

0.0 

606? ,06 

0,451 0. 

852 





o,:o 

bOCO, 

O.G 

5653.63 

55-14 

100.00 

0.415 

2348,78 

42.61 

l.Oc 

0,5u 

5uOO . 

U.u 

4959,23 

0 •. 4-79 0 . 

865 





0,50 

5000. 

0.0 

4555,^0 

—25 ,52 

100,00. 

0,942 

2011.03 

.^8 .87 

1.C7 

0.50 

5000 - 

0.0 

3610.57 

-82,60 

IGO . 00 

*0.476 

1718,83 

35.42 

l.Gt 

0.50 

5000, 

. 0.0 

2 808. >6 

-126.72 

100.00 

0.519 

1458.48 

32,16 

1.0 5 

0.5O 

5000- 

0.0 

2143.55 

-159.43 

loo .00 

0.575 

1233.08 

29,19 

i.c*. 


2T9 




ii 


J HkAlT AhJf WHITNLY AlKCRAhT ;| • 

i K&MATLHifU S7S476 TUKbQShAPT tNGINL ESTIMATtD PfeRFORPiANCc • jj 

I U.b- STaNU/^KD HiKUSPhERt, 1962 100 P&RCfNT RAM R6CqVtRY I 

! , 99 PERCENT t£«R EFFICIENCY . I i- 

FREE lURblNE kPM=6547. ' ’ 1 i;; 

■ f 'j 

J ' - i ■ . 

' I Part power PtRFCKMANLt FROM KAXlMuM CLIMB ;'i : ‘ 

( STaNLAKD UaY TaM ‘ :i V- 

I HN alt DTaM prop ShP FN RES. HPX bSPC WFT WAE PTA ;/ 

I HN alt uiam net thrust tsfc eta prop j , 


.MAX a L’.bU 

■5000. 

C.O 

10B68.16 

3 62 .80 

ItiO .00 

0.360 

3917-92 

55 -OE 

1,19 g 

o« 

5000. 

OoO 

8064 . 15 

0.486 0. 

846 




• i 

MAXC^c.bO 

5000. 

0.0 

■ 8738-35 

148-47 

100.00 

0.371 

3245-14 

49.51 

1.15 ;[ 

Oa 6C 

5000 . 

0.0 

6444.70 

0.504 G-. 

862 




li 

? ] 

0.60 

5u00 ■ 

0.0 

'7333.10 

^0*7i 

lOG.oO 

0.584 

2815.01 

45.59 

1.12 

0. 60 

5UuO « 

0.0 

5367.66 

0.524 0. 

871' 


. 



0.60 

5000. . 

0.0 

6040 . 90 

-65^77 

100.00 

0.401 

2423.91 

41.73 

.1.10 

0.60 

5000. 

0.0 

4349.07 

0.557 , G, 

675 




y 

0.60 

5000. 

0 .0 

4908.64 

-134.86 

100.00 ' 

0.424 

2082-71 

36.21 

1.0E n 

H 

D.60 

5000. 

0.0 

3928.28 

-188.26 

100.00 

0,454 

■1782.93 

34.93 

1.07 ?| 

0.60 

5000. 

0.0 

3098.11 

-232.50 

iOO-OD 

0,490 

1517.07 

31.84 

1.05 5j 

- - ■ -it 

0.60 

5000. • 

0,0 

2396.86 

-2,56.12 

100.00^ 

0.536 

1286.78 

29.03 

1.04 :1 


3i. 

I 

g 

I 



PRAtT aNU KHIT.^EV aircraft 

REWAlChfL) S7S<»76 TURtiLSHAPT kA'GlNfc feSTlMATfcO PERFUftMA^•C6 
U.y. SlAN'DARy ATMiJ;*f't!l:R£ t 1962 IttO VlRetUt KAK RECQVeKY 

99 PERCENT CcAK ERFICItNCY , 

FRcrE TURhlNt KPHshSAT* 


PAkT PCiWiiR PERFOkMANGE FROM MAXIMUM GklMB 
STanUaru Day Tam 


MN 

ACT 

DTaM 

PROP SMP 

FN K£$. HPX 

BSFe 

; WFT 

WAE 

PTA 1 

«N 

AUT 

DTAM 

NET rnRU5T 

T8FC ETa PROP 




' i 

AfAXtt 0.3S 

looou. 

6.0 

8fi7l.23 

704.75 lOG.GC 

0.373 

3310.68 

61 .26 

1.19 I 

G.35 

lOOOO. 

0.0 

■^5i«..59 

0.34t 0.681 




1 

AtAXGRo* 

10000. 

G.O 

715 V. 20 

490.95 IOC. CO' 

0.385 

'2753. 86 

55.42 

1.15 i 

0.35 

luUOO. 

0.0 

8105*99 

0.340 0.729 




" 1 

0.35 

loouo. 

0.0 

6043.61 

367.85 ICO.OO 

0.396 

2402.39 

51.25 

1.12 { 

0*35 

10000. 

c.o 

7113-45 

0.338 0.765 




i 

C.35 

lOUOO. 

. u.O 

4V61.25 

258.57 lOG.OO 

0.417 

2066.63 

46.83 

, 1*16 , 1 

G.35 

ioooo. 

0.0 

6025 .50 

0*343 0.797 





C.35 

ICOOC.' 

y.G 

3V56.57 

168.62 103.00 

0.445 

1762.18 

42.42 

1.08 j 

0.35 

IOOOO. 

0.0 

3107.37 

.95.97 IbC.OO 

0*482 

1497.61 

38.40 

1.C6 i 

0.35 

loouo. 

0.0 

2391.24 

40. S 7, loo *00 

0.530 

1266.34 

34.6 6. 

1.0:5 ? 

0.35 

IC6CC. 

4 . 

- 0.0 

*. *d '■ 

1786.93 

“0.92 lOO.OO 

0*S*^4 

1062.18 
* « 

i. 

31.14 

1.04 : 

'i 

tfMtLO^bO 

1 

f * 

IGGpO. 

0.0 

9484.75 

t . , ^ 

. . * 

533.88 100.00 

■» 

0.363 

» • t 

3441*08 

59.65 

-J 

1.2C 1 

0.50 

ioooo . 

0.0 

8243.61 

0*417 0.796 

•• 



! ;j 


icboo. 

G.6 

7667.48 

325.76 100.00 

*0.373 

2&58.36 

53.94 

I.l6 1 

0.50 

ioooo* 

c.c 

6757*75 

0.423 0.822 

■ 

^ 4 


51 

0.56 

ioooo* 

O.Q 

647U.16 

206.43 'OO.OC 

0.384 

2486.82 

49.75 

1.13 f 

0*50 

lOOGu . 

u.u 

5757.71 

0.432 0.840 




■ 1 

0. 56 

locOo* 

t.o 

5341.91 

IC.6.35 100 .GO 

6.401 

2144.35 

45*57 

i.ii i 

0.5^/ 

lOOOQ. 

0.0 

47tu.75 

0.449 0.857 



. -* 

.. -j 
! • 

4 

p.5C 

iccci • 

0.0 

4304.30 

27.36 100.00 

6.426 

1832.19 

41.44 

1.09 

:-p*50 

ioooo* 

c.o 

3850.30 

’ 0'.47'6 0 . 87fc 




f 

i 

0.50 

iOOvO* 

O.G 

3423.48 

“34 .29 lOC.CO 

0.457 

1563.24 

37.70 

1.07 

0.50 

40000 • 

.0.0' 

' • . -m 

2672 .28 

. -t9.71 100*60 

0.496 

1325.47 

■ 84;. 1'6 

l.Ot » 

'0.50 

10000. 

O.G 

2039.73 

-iisUa ico.oo 

0.548 

1117.26 

3C.90 

'1 

1. C4 j 




I 


'4 

I 

4 


.•■5 


i 



I»RATT ANU WHlTNtY AlkeRAl=^T 

KtKAlCHiU TUKot’SHAf-T E.NGlNfe tiUKATEt) PERFGKMA.7CE 

luS, STaNUAKU ATf'.Ji.FhERt, 1962 lUO fEKCENl RAM RECtiVtkY 

99 FEHCENT OtAR tFFIClfcNtY 
FRtE TUKlSlNt HPM=e&9?. 


PART pnwER pirfokmance from maximum climb 

STAN LARD HAY lAM 


t 

MN 

alt 

01 Art 

PROP 5HP 

FN RES. 

HPX 

BSFC 

WFt 

MAE 

PTA 

1 

MM 

alt 

dtam 

NET Thrust 

TSFC ETa PROP 



■ 


f 

i 

■f 

fdf^CL 0*60 

10000. 

0.0 

16605.1^ 

434.50 

100.60 

0. 355 

3554.10 

58.32 

1 *22 

i 

0*60 

iCCOG. 

c.c 

7556.49 

0.970 0. 

&37 

' ■ 




}. 

^^C*9C 

lOCCC. 

6.0 

b 16 it . 6b 

216.17 

100.00 

C.364 • 

2946.16 

52.66 

1.17 

t , 

0*60 

KOOO. 

0.0 

61G5.22 

0.463 0. 

664 





? 

5 

U«A>0 

1000 0 . 

v.O 

5tA9.18 

99,37 

100.00 

0,374 

2562.32 

48 ,5 e 

1.14 

5 

0.6© 

lOOOO. 

0.6 

5146.52 

0 . 49*6 6 . 

P65 





1 

0. cO 

10000 . 

. G.O 

567 1 .63 

3.69 

160.00 

0.389 

2206.40 

44,49 

1*12 

1 

0.60 

lOCuO . 

6.0: 

4h7.29 

0.524 0. 

873 





[ 

C.60 

li/QC 0 . 

0.0 

4615.56 

A71.64 

160.CC 

0.410 

1892.^7 

46.62 

1«C9 

! ' 

0.6O 

10000 • 

o.p 

3361.29 

0.563 0. 

674 





k 

0.60 

10000. 

u. 6 

3705.91 

“127*66 

100.00 

0.437 

1619.08 

37.06 

1.08 

i 

0.60 

lOOCO. 

- 0.0 

2923.02 

-165.32 

100,00 

0.471 

1376.80 

33.76 

1.C6 

i 

j 

0.6C 

•» 

lOOCC • 

^ G.O 

) 

2264.99 

“197.01 

160.66' 

0.514 

1164.66 

3G.65 

1.05 

i 

1 

1 

1 

i 

MAxa ^..6& 

lOOCO. 

0.0 

10316.91 

« 

376.87 

1 

100.60 

0.351 

3617.37 

57.57 

1.23 

i. 

\ 

i 

0.55 

iCCOO. 

0.0 

?254^H 

0.499 6. 

64« 





? 

iaAjtatc.ob 

lOCuG. 

G.O 

6344.79 

162.71 

160.66 

0*359 

2994*96 

£1.93 

1,18 


0.55 

lOOOG • 

G.O 

564^.19 

C.5i3 0. 

667 




■ 


0.55 

ICOUU. 

0.0 

7Go9.a3 

40.40 

100.00 

0.366 

2604.01 

47.91 

1. 14 


0.55 

It GOO . 

e,6 

4V05.36 

0*531 O. 

876 






0.65 

1600.0 . 

U.O 

5663.23 

^51.53 

ioo.oo 

0. 383 

2244,66 

43.b9 

1.12 



106CC. 

6.C 

4759.91 

“123.49 

ICC.OG 

6.402 

1927.58 

■■■A . 

4C.18 

i.io 


0.65 

10600 . 

6 .6 

3669 .96 

“175.24 

ICO .00 

0.427 

1651. 51 

36.75 

1,08 

1 , 

0.65 

10060. 

o.c 

3073.76 

“217.27 

160.00 

0.457 

1404.79 

33.49 

l•C6 

i 

i 

0.65 

1CC60. 

o.p 

2396.53 

-240.40 

iOO.GO 

0.497 

1190.57 

30.51 

1.05 


I 282 

■fi 









PRaTT aNU WHITNLY AIRCKaH 

KEMATChtU ^rSA76 TURbt'ihAFT feNGINb bSIlMATfcO PkKFCkMANCfc 
U.k* klANtJAKU ATtkJiPhfeKE* Vih^ ICC FtRCtNT RAM R6GOV6RV 

99 PEKCkNl OtAK EKFlUiNCY • 

FREE tvkbiWi. KHh»e&47. . 


PART PCWcK PkPFCRMMNLk GLIRB 

STANUARU UaY Tam 


KN 

alt 

UTAK 

PROP EMP 

PN KE5. HPX 

B5FC 

. WFT 

WAE 

PTa 

MN 

ALT 

uiaM 

NEf ThRUST 

, w 

t>FC LTa prop 


w 



A^AXa. C . Ji. 

4.CCC0. 

0*G 

7C0$.10 

693 .GO 100. CO 

0.367 

2569478 

66.57 

1.23 


kpOO0« 

0.0 

7590.11 

0.391 0.650 





AJAXdtt.Sj) 


0»C 

5V36.7«» 

9V1.3G 100.00 

0.371 

2202.12 

62.02 

1.1*' 


bCCOC. 

0.G 

66924 lA 

04332 0,689 






2f'0f*0. 

0.0 

5129.5t 

357 4 19 i00400 

O 4379 

1993465 

57.9 b 

1.16 

0.3!> 

20UU0. 

0*0 

5957.61 

0-4 3£'6 . ' 0 . 716 . 





U.35 

LuGuO • 

• 0.0 

AShO.IG 

295.19 i0G40G 

0.391 

- 1696.73 

53.69 

I.IA 

0.35 

LQGGO* 

0.0 

5253439 

04323 0.759 





0.35 

^CuuG c 

c.o 

3555 .75 

2U.6A lOO.CD 

0.910 

^1959.20 

.99.07 

1. 1 1 

0.35 

V G O * 

0.0 

9953.56 

G.Sia C.767 

,■ . 





0.35 

20000. 

0.0 

2810. 7i 

. l90 .93 

ICO. 00 

0.990 ' 

1236.78 

99,28 

1.C9 ; 

.4 

0.35 

20000. 

0.0 

2171.56 

82.85 

100.00 

04 979 

1690.25 

39.70 

S3 

1.07 1 

0.35 

20 GUO . 

' G.d 

1699.96 

37.89 

100.00 

0.530- 

- 671470 

% 

35 .59 

1.05 i 

1 

AfAX 6J.0.50 

2(^000 . 

0.0 

7579 4 3V 

559,5 8 

100.00 

0.357 

27094 6& 

65.59 

1 

1.26 4 

0.50 

4 OUOO . 

0.0 

6689.65 

0.909 0. 

763 

1 



.. . 1 

i8iAl<tf«LC4 5C 

20GG0 4 

0*0 

63^ .63 

380482 

106 4 00 

0.361 

2290.95 

60.92 

1.21' 1 

0.50 

2GGCG . 

0.0 

573C452 

O 4 ACQ C, 

799 


•A 


i 

0,50 

2u000. 

O.G 

5992496 

277.13 

lOC.OC 

0.368 

2019471 

56.96 

1.16 1 

0.50 

kiiUuO. 

040 

500649^ 

fi.At-S tu 

812 





04 50 

LOOCp. 

0.0 

9653 4.07 

186.82 

100 4 00 

0.379.- 

1761.66 

52,27 

1.15 f 

O 450 

4.0000. 

0.0 

A496.20 

0.910 0. 

832. 




li 

C 450 

20 coo • 

c.o 

3823 .Al 

106.83 

100.00 

0.395 

1511.68 

97.70 

I.IL I 

0,50 

iOooc. 

G.0 

3558 457 

0.94.5-, 0. 

651 




„4 

■ 

0.50 

20000. 

0.0 

.3095.58 . 

93.29 

100400 

04922- 

1283*97 

93.16 

1.10 i 

0450 

2000 e. 

0 .0 

2390.91 

—7 .69 

ICO .GO 

0.959 - 

X&BS.72 

36 .95 

1 .0£ i| 

.i 

d.SD 

20000 • 

0.0 

lt35439 

'-A3.22 

100.00 

0.997 

912.07 

35.05 

1*06 'i 


BEPfiODBeBIUTl^O^^^ 

^WSX&Hi PA6E IS POOR 
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i • ■ 1 ; . . • 

PRAtT AND 

KtMAlCHt-D StS*»76 TURbOJHAFt fNClNb E SU MATED PtRFORMAWe 
Uib. SI ANuAkD ATMOtPHeRl:* 1962 100 PtHCENt RaM tocVlRf 

99 KEkCENT GEAR EFFICIENCY 
FREE totoNfe KPM»6i>At. 


RART PDW&R PeRFORKANtfe FROM eDlrtfi 

standard day iam 


mn 

«N 

ALT 

ALT 

UTAH 

DTaM 

PROP SHP 
NET TnRUST 

PN RES. WPX 

tSFt ETA PROP 

BSFG; 

' WiFT 

WAE 

PTa 

A G,4>0 

£0060. 

• \ 

o.O 

.8066*48 

499.30 100 »06 

0.350 

2813.40 

64.53 

1*2 1 

O.oo 

aOGOO. 

6.0 

6295.46 

04447 04015 





MA3(0et«6C> 

2L00Q. 

0.0 

6696.16 

312.75 100.00 

0.353 

2366«66 

^S9.07 

-1.2v 

" C*6C 

2C6C0. 

640 

■ &259«64 

C 44 I 6 0.635 . 





o^oo 

20000 . 

6.6 

5806.06 

206465 100.00 

0.359 

2085.58 

55.19 

1. 19 

04 bO 

26000 . 

0.6 

«559.1t 

0.467 ©.»46 





0.00 

. iooco. . 

c.o 

4922.25 

113.47 IOC .00 

0.369 

1814.28 

50.98 

1-16 

d.oo 

20000 . 

0.0 

5654.95 

0.471 . 0.860 

^ 



• . 
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APPEHDIX B 


Appendix B includes tBe fined data package end associated reference 
nsaterial transmitted to LocMieed By the Hamilton Standard Division of United 
Technologies Corporation in con^iance vith the terms of their subcontract. 
These data cover the work performed in support of Iiockheed's Turboprop/ 
Turbofan, Short/Medium Range Configuration Analysis Which is reported in 
Section t of this document. 




frnD2ja«PznH«»)toar 


M: 

OfVISfdN W Uf^CD AinCRAf^ CfMIPOfVA 

Pi 

Please address answer tct 
Mail Stop Np.liL=as&. 

Febroaxy 1970 

LocUkeed CaUfomia Company 

P. O. Box 591 

Buxbankf CaUfitntia 91503 

Attentton: Mr. John HopkitiSi Pepaxmaent 7521, Building 63-8 

Subject; Prop-Fan Transit $tu^ 

BelEeiiieilce: LCC (Hopldna) letter to H8 (Gateen) dated 11-20-75 

Pear John, 

In accordance ndtii Encloaure 2 of the reference letter* HS and PWA have each 
prepared a data package for the subject study. The enclosed HS data are cm follows: 

1. System Description - SK 91423 apd Enclosure 1 

2. Propulsion System Weii^ts - Enclosure 2 

3. Propulstoitt System Costs - Enclosuxe 3 & 4 

4. Acoustic Estimates - Enclosure 5 

5. Impact of Advanced Technology - Enclosure 6 

6. Scale Factors: Enclosures 2, 3, 4, 5, & 6 

If questions arise conoeming these data, please feel free to contact me. 

Very truly yours, 

HAMtLTON STANDARD 
Division of United TeohnologieB Corporation 



BSG/ah 

Enolosures: SK 91423 and Eos. 1 thru 6 

oo: Messrs* D. Gray (PWA) 

S. Stahr (Eastern) 

I** Wiltiams (NASA-Ames) 

NOTE: On May 1, 1976, the name of United Aircraft Corporation was idtanged to 
United Teohnoli^es Porporation. 

TELEPHONE (2031 623-1621 TELEX 9-0280 


I Hamilton Standard 

I wiNoeoit t^KSt eoNNBcnctiT oeeee 


TWX71O-420-0S64 





Encloattre 1 


Pgop‘«Fan Technical Data* 


Diameter 
Tip Speed Fan 
No, Blades 
AF 

Int. Coefficient of Lift 
Mnx Climb Design Point 
Maximum Power 
Engine RPM 
Gear Ratio 


12,8 feet 

800 feet per secOnd 


8 

200 per blade 


0.12 


34,1SHP/D^<^ O.dMh, 36 
10880 HP ® 250 KTS, S.L 


• I 


0 feet 
+18®] 


8547 

7,158 


* For other technical data, see drawing SK 91423 


I 
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fenclQStti^ 2 


Propulalon System Weights 


p rop-Fan Rot©r 
Prop-Fan Gearbox 
P I >p~Fan Engine 

-elle 


1145*9 Pounds 
622.6 *' 

2180. Q » (Per PWA) 

3948.5 Pounds uninstalled 

1184.5 " 

5iS3.0 Pbuhds instaUed 


Sen^iUt: 


All soalittg is accomplished as constant cruise 
SHF/D^. This scaling also assumes an engine 
horsepower lapse rate equal to that of the 
baseline so that if cruise horsepower changes, 
ttie majdmum horsepower also changes. Por 
±10% cruise thrust* the rotor weight change is 
±143.6 pounds and the ^arbox weight change is 
±95. 6 pounds. The nacelle wei^it change is a 
function of the total uninstalled weight clmnge. 
For scalit^ over a small diameter range, 
maittliain. an installed to uninstalled weigtrt 
ratio of 1.3. 


* The Items included in the nacelle are those required for 
a fully installed Propi-Fan pachage and are those listed in 
5P09A75, dated 10-6-75. 
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AC OUiSitlOW cost XIO'^ 
($, 197S ECONOMY) 


ENCLOSURES 

PROP-FAN ACQUISmON_roSTS 

8 BLADES 
800 FPS 
C.8 MACH NO. 

SHP/D2 = 34.1 @ 36*000 FT. 

INCLUPjES RO TOR, fifARiO X, AND RELATED EQUIPMENT 
1610 UNITS Oy^R TEN Y|RRS 
3S0 aircraft ^D 15% ^ARES 

12*8' BLADE OlA. 




ADVTECH & DUAL ROTATION 


AOV TECH & SINGLE ROTATION 


BASIC TECHNOLOGY PER SP09A75 


DIAMETER-FT 



MAINT^ANCE MANHOURS PER IMO FLIGHT HOURS 












Enclosure 5 


Acoustic EstiTOates 


The near and far field noise predicted for the Prop Fan is as follows^ 


Far Field Noise - 12.8 ft diameter, 800 ft/sec tip speed, 10,000 shaft horsepower 

per engine, 175 knots forward speed, four en^nes, takeoff condition 
90 EPNdB under the taheofi! path with 2000 ft altitude 

85 EPydB under the talmofi path with 3000 ft altitude 
89 EPKdB at a .35 Nautical Mile Sideline Location 

12.8 ft diameter, 2000 shaft horsepower per engine, 135 knots 
foruArd speed, four engines, approach condition at 370 ft altitude 
94. 5 EPNdB at 800 ft/sec tip speed 

86 EPNdB at 600 ft/sec tip speed 

Near Field Koise - 0.8 Mach Number cruise at 36,000 ft altitude, 800 ft/see tip speed 

0. 8 Diameter tip clearance, 5,000 shaft horsepower per engine, 
four en^nes 

187dB overall is the esfimated level 

Based on ejsperience with the XC142 VTOL aircraft propeller the 
near field level is expected to consist of a series of tones at blade 
^ssage frequency and its harmonics. For study purposes the 
above overall level may be assumed to be composed of 12 harmonics 
of equal amplitude. Each harmonic would then be 126dB> Based on 
X<bl42 tests at lOOO ft/sec tip speed and Bell UHIH flight test data the 
dixectlviiy of figure S-1 is suggested for the Prop Fan. 
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PRELIMINARY PROP FAN DIRECTIVITY 



60 30 0 30 60 90 

Ahead Aft 


Angle from Tip 



Enclosttre 6 


Advanced Technologies 


Ad^nced level of technology wei^ts: 
Rotor -10,8% 

Gearbox - 6% 


These are reductions from the data supplied on 
Enclosure 2. Although advanced technology 
reductions have not been estimated for all of the 
naceHe components, a 47% reduction in weight 
Is anticipated for the gearbox heat exchanger, 
oil tankage, and oil. 

Advanced level of technology performance: 

Dual rotation Prop-Fans improve the net 
efficiency in cruise by five (5) efficiency 
points. Sized at the same SHP/D^ for max 
climb/oruiSe at 36,000 feet and 0. 8 Mn, the 
dual rotation Prop-Fan diameter is 12.47 feet 
instead of the basic 12. 8 feet. The weights 
for the advanced 12. 47 foot dual rotation Prop- 
Fan are 1035 pounds for the rotor and 641 
pounds for the gearbox. For scaling at the 
same diameter, the advanced technology dual 
rotation Prop-Fan weight is arrived at by 
applying the following factors to the single 
rotation, basic technology (per Enclosure 2): 

Rotor - 5,45% 

Geaxhox -t-15.6% 

Heat Exchai^r, Oil -37.5% 

Tankage, and Oil 


8 Mn PROP-FAN DESCRIPTION 


Conf iRuratipn 


Tl»e Prop-Fan nacelle arrangennnt shown in SK 91A23 is one of several potential 
concepts for installation on a 0,3 Mach aircraft. These concepts include over-the- 
wlng and under- the-wing enf’.Jncs, inline gearbox and engine, offset gearbox and 
engine, and several ’’rop-1'’an locations witti respect to the wing. 

The drawing depicts an under-the-wi.ng engine with an offset gearbox. This 
was selected for further study based* on several features: The under-the-wtng lo- 

cation of the engine al3.ovi.'s easier access to the engine and engine accessories 
for normal inspection and maintenance!. In addition, an ofCset gearbox arrange- 
ment is sho\m rather than an inline since it allows an inlet which provides a 
higher pressure ratio at the engine compressor face at\d it allov/s easy access for 
the pitch control input. 

The nacelle downtilt angle and the distance betvjcen the rotor plane and wing 
quarter chord are shown so as to minimize IP exeitatiop factor due to the v;ing 
wash and steady aeroelastic effects while maintaining whirl flutter stabilitv. 

The nacelle and spinner shapes were selected to provide more nearly optimized in- 
stalled prop-fan performance. With the nacelle frontal area dictated by aero- 
dynamic requirements, wide latitude is available in gearbox and en^'ine installation 
arrangement . 


Point Design 


The weights given belovvf describe a Prop-Fan consisting of an eight bladed 
rotor assembly and a gearbox assembly and the lubrication/cooling system. The rotor 
assembly consists of the Prop-Fan blades, spinner, disk, and pirh control system. 
The weights were calculated on the basis of SHP/D^ = 66.4 and iS = 800 ft/see. 


Weight For Equal Thrust Prop-Fans 
0 ,8Mn, 36,000 feet 


"Basie" Wt. 
For 



Basic Perf 

12^8 dla .rotor (basic) 

,1145.9 

12.4/dia. rotor (adv. 
counterrotat ing) 

— 

Gearbox wt. 

622.6 

Oil, tankage, and 
heat exchanger 

75 

Total 

1843.5 


'Advanced" Wt. 

"Advanced" ' 

For 

For 

Basic Perf. 

Adv. Perf 

1022.1 

-- 

— 

1035 

585.2 

641 

40 

45 


1647.3 1721 


309 


- 2 - 


The "basic’' v/cights represent a level oi: tecUnology vhleb is expeeteci to be 
available for commercial service in the mid I'lbO’n based on currently expected 
R&D funding. An "advanced" level of technology would offer further irinrovements 
in v'eirjht and nerforinanee which could he avaiinhlc In the same time period if 
additional R&D funding is applied. Column two shows the estimated t^eight of 
the basic configuration utilizing advanced material and manufacunring technology. 
Additionallv, the advanced level of technology could also allow develonment of 
a counterrotating configuration which results 4n an aerodynamic cffici.ency in- 
crease. The improved performance allows t,he Prop-Fan diameter to be reduced 
from 12.8 to 12. A7 feet at constant SllP/D"-, tip speed, and Installed thrust at 0,8 

Mach number and 36,000 feet altitude. The weight of this conf IguratlGn utilizing 
advanced technology for both aerodynpmie and mechanical improvements is shown in 
column three. 

Blades and Spinner 

The "basic" blades consist of a hollow high strength steel structural member 
or spar, an external carbon epoxy hybrid shell shaped to the correct airfoil 
contour, aluminum honeycomb fill between shell and spar, and a titanium leading 
edge erosion sheath. The spinner is a fiberglass composite structure. Advanced 
technology would lead to development of a hollow titanium spar with an attendant 
weight reduction. 

Disk 


The "basic" disk assembly consists of the disk, blade retention balls and 
integral races, clamps and pitch change trunnions. The steel disk is integral 
with the fan tailshaft which transfers Prop-Fan loads to the gearcase and mounts. 
Studies between titanium disks and steel disks with integral retention have shown 
little differences in weight based on present day fracture mechanic allowables. 

With advance in the state-of-the-art of fracture mechanlGS titanium 'weight saving 
in the disk and tailshaft is envisioned. 

Pitch Change System 

The"basic"welghts are based on a mechanical pitch change actuator utilizing a 
harmonic drive, although otner concepts including hvdraulic pistons and vane 
motors would be censidered before arriving at a final concept. Theharmonic drive 
concept is presently being developed for the OCSEE program and hasf the advantages 
of high reliability, light weight, reasonable production cost and good maintain- 
ability, The system features an in-place blade angle lock and a redundant remote 
blade angle control. Advanced development of the harmonic drive and improved manu- 
facturing technique would show weight saving. 

Reduction Gearing 

The reduction gearing is sized for infinite life based on maximum engine torque 
with maximum allowable stresses consistent with today's state-of-the-art genrbojics. 
The weight is based on the use of a titanium welded housing, vacuum melt 6265 
steel for gears and Vimvar double vacuum melt M50 for bearings. The gearing system 
module has a calculated MTBF of approximately 40,000 hours. For advanced technology, 
improvements in gear and bearing geometry and materials are envisioned. 

Cooling and Lnbi"' catL-in 

Gearbox cooling is accomplished by use of a separate heat exchanger. An overall 
gearbox efficiency of 99% is obtained by the use of proper oil 'management, baffling 
and scavenging techniques. A centrifugal air oil separator is used to minimize oil 
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tankaj^e weight. Advanced teGhnolcgy xjelght saving would he based on the develop- 
ment of high temperature (450®F) gearboxes and Lubricants. 

Aecessories 


VJeight for accessorv drives such as aircraft hydraulics and electrical power 
V7ere not included in the gearbox v:eight. It is felt that powering the accessory 
drives from the ?rop“Fan gearbox would increase these gearbox weights but would 
maximize overall engine cycle efficiency and would simplify the engine accessory 
gearbox and may simplify accessory cooling. 


Installation 

IJhile not contractually a responsibilitv of US, a study was made to evaluate 
overall nacelle installed vjeight, For purposes of this study the gearbox and engine 
are considered to he rigidly coupled to maintuin a minimum misalignment angle for 
the engine output shaft. Another possible advantage for rigid coupling of engine 
and gearbox is the use of helical gears to balance engine turbine and propeller thrust 
loads. One way of achieving rigid coupling is to utilize the engine inlet in the 
structural loop. To minimize engine ease deflection, it is assumed the entire gear- 
box/engine structure is mounted to tlie wing by the primary isolation mounts at the 
gearbox and only a steady rest at the aft end of the engine. The nacelle buildup 
weight includes all the structure and fairings that couple the rrop--Fan and engine 
to the wing, engine inlet, engine shaft, exhaust, fire control systems, gearbox 
cooling system, starting and fuel system, aircraft hydraulics, electrical power, 
and pneumatic systems and finally the Prop-Fan control and engine linkage. 

The total uninstalled weight was obtained 1 y adding the Prop-Fan/ gearbox weight 
to the engine weight (including the engine accessory gearbox) . A ratio of total 
installed weight to uninstalled weight of 1.3 has been established for a Prop-Fan 
based on the above study. 






APPEiroiX C 


Appendix C includes a sumnary of the renm-ks tmde by I4r. R. Scott Stafcp 
of Eastern Air Lines at the Final Oral Reviews for this study. Ifr, Staltf 
spoke at Locl^eed's request as a part of Eastern's subcontract in support of 
Lockheed's Turboprop/Turbofan, Short /Medium Range Configuration Analysis as 
reported in Section 7 of this document* 
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fiHit—ary of Ch6 remarks made by R. $• Stahr (on behalf of Basterti Airlines.) 
at Che occasion of the Final Oral Report on the RECAT Study Contract at NASA 
Headquarters on April 22, 1976, Washington, D.G. 


ELECTRA Eastern was pleased to participate in this study as a part-time consultant 

EXPERIENCE to Lockheed. Although it is true that Lockheed selected us because of our 

experience with the Electra, we did not elect to do an extensive research 
job into Electra propulsion system operating cost for one basic reason. 

We were afraid that if we did produce a report with cost data, no matter 
how much we put into the report In the way of qualifications, people 
might misconstrue the data as implying that an advanced turboprop would 
have simiL<r problems. We don't think it will. 

There are at least two fundamental aspects of the design of the Allison 
501D13 engine which have presented an operating cost handicap. The first 
^ is the fixed shaft. That is, the propeller is driven by a turbine on the 
same shaft as the compressor. As a consequence, the propeller, along with 
the engine, must idle at a relatively high speed and even though in flat 
pitch, when on the ground at the ramp, a great deal of disturbance is made 
of the air near the ground. This results in sand and grit ingestion by 
the compressor and the erosion of blades and seals. This .ves a signifi- 
cant problem throughout our operating experience with the Electra but 
does not need to be a factor in an advanced turboprop design such as the 
ones being discussed here today. 

Secondly, there have been advances in reduction gear box design. It has 
been difficult to maintain alignment of the gears to the degree of pre- 
cision required for this type equipment, but Allison had developed an 
improved gear box in the midst of our service experience with the S01D13. 

If the Electra had not already been relegated to a Shuttle backup function, 
we probably would have instituted this design change in our fleet. 

With those few diselairaers about our Electra experience, I would now like 
to address the topic at hand. 


i FUTURE 
I DEMANDS 


The text for my "sermon" is taken from Alvin Toffler's recen 
book, The Eco-Spasm Report : 


oubllshed 


"For if eco-spasm tells us anything, it is that we cannot escape 
the future by turning our backs on it. Foresight is uniquely 
human and it is essential for survival." 

"This means that, as the industrial countries advance into super- 
industrialism they will have to base their continued affluence 
on something other than plentiful raw materials: an increased 

ability to do, as Buckminster Fuller puts it, 'moce_ with less'. 

While it does not mean the end of technological advance, it does 
mean radical conservation policies. It means a high order of 
imagination. And it means that tax and other incentives ought 
to be placed on the rapid development of low-energy and resource- 
conserving products. Instead of awarding indiscriminate tax 
credits for corporate investment, why not target these specifically 
for investments in new, eeologically aooad, socially valuable 
technologies?" 
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miAt WE 

DON’T 

WANT 


Eastern is not interested in bringing back the Electra. The last of 
those aircraft in our fleet are set for retirement In 1977 • Eastern 
is not interested in introdticing a new aircraft in the 1980 Vs that 
flies slower than we currently operate our B-727 and 0C9 fleets, 
(incidentally, our standard cruise policy on the 727 is Mach .80 and 
on the PCO'SO fleet, it is Mach .73.) We are not Interested in a 
new aircraft that rides rough. We are not interested in a new air- 
craft that will have a significant noise or vibration problem as far 
aa passenger perception is concerned. 

In aummary, we are not interested in marketing "An EcologiGal Uonder" 
that has to be sold to the traveling public despite a few compromises 
in passenger confort. 


the subject But that's not what I heard these other gentlemen talking about here 

AT HAND today. The goal of this advanced turboprop reseairh program, (as I 

understand it) is to find out if a system can be developed that will 
met otir current cruise speeds and meet current passenger comfort 
levels, l^en, finally to determine the net fuel saving and operating 
cost benefits, if. any, idien the speed and comfort criteria are 
achieved. It's pretty clear that a lot of testing still lies ahead of 
us to get the answers to Chose questions. However, I am here today to 
advise you that the management of Eastern Airlines is completely open- 
minded CO the possibilities of an advanced turboprop aircraft. In 
fact, Frank Borman, our President, has passed the word down to his 
Engineering Department that in every contact with NASA, or other 
branches of the U. S. Government and Industry engaged in research and 
development, "Press on for improved fuel consumption." 


Let's talk about action. I'd Like to talk about action under five 
categories. Change - Risk - Excitement - Blunder - Success. 


Change ; It Is quite clear that we will have to change some attitudes. 
There are a group of people in our own industry who have a 
"jet set" mind-set. Attitudes are difficult to change, but 
if Che rewards are great enough, it can be done. Perhaps 
you may recall back in the 1950' s there were some folks who 
tiioughc that the fan engine would never happen. 

Risk ; To acquire knowledge requires effort. Theories must be con- 
firmed by test. Tests cost money. The acquisition of know- 
ledge requires an Investment. Any investment connotes an 
elc.<nent of risk. In our opinion, the type of program l*iid 
out by NASA for obtaining knowledge about the potential of 
the advanced turboprop is logical and the risk is well worth 
taking. 


Excitement : Vihenever a new concept is being considered, it offers up 

choices. Choices imply decisions. Decislun.s sometimes pro- 
voke controversy. At the very least, they generate intense 
competition. The struggle of the advanced turboprop to gain 
recognition is bound to have its share of this kind of 
excitement. 
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Blunder : No one likes to make blunders. We^re all familiar with 

some of the big ones that have been made in our industry. 

At this point In time, it is our view that one of the 
biggest blunders we could make would be to ignore the 
advanced turboprop and set its research program aside. 

Success : The formula is not easy. We see the need for a high 

degree of cooperation by many different elements in our 
industry. There will have to be cooperation between 
aircraft, engine^ and propeller manufacturers ir the area 
of design criteria. There will have to be cooperation 
between the manufacturers and the FAA in the development 
of certification criteria. The latter may be particularly 
challenging considering the FAA's attention to containment 
problems presented by the hl-bypass«ratio turbofan engines. 
Finally, and most important, there will have to be coop- 
eration between the airlines. In my judgment, a strong 
consensus would have to be developed that the turboprop 
has a valid place in the aircraft fleets of our future. 
Anything less than unanimity could present insurmouatable 
problems. All It would uake would be one airline who 
broke ranks and decided to run a vigorous advertising 
campaign about "chose other guys with the eggbeater air- 
planes*' to create an untenable marketing situation- The 
airlines will need to work especially close regarding the 
development of promotion, publicity, and advertising 
programs. I, personally, think that Borman's proposal ^ 
for an ATA New Aircraft Procurement Office can work. It 
will go a long way toward developing the means by which 
this kind of airline Gonsensus can be developed. 


SAFi?:f^ We've given some thought to the question of propeller blade failures. 

Our first reaction was just like anybody who doesn't know too much about 
it. We were scared to death. But, as we began digging into the facts, 

I mean real experience with propellers and with fans, we got some 
surprises. 

o First, we found that the safety record of propeller blades on 
turbine engines (leaving out piston engines altogether) is 
actually very good. One might almost say, incredibly good. 

o The next surprise we got is that the designers of fan 
blades have 'fessed up to what a sizeable challenge the 
design of a ducted fan blade is. All the modes of 
vibration and oscillation, flexurals and tors Iona Is, 
end combinat ions thereof . Just when the guy thinks he's 
got It all together, the FAA says, "Now handle a four- 
pound bird." 

Having pursued that line of questioning, we then went and put the pro- 
peller designer through the same third -degree. Another surprise. The 
propeller designers are pretty relaxed about the bird-strike case. 
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two reasons: 1. He's got a fairly big beefy meat cleaver to start 

with. 2. He's got a Beta control. It's working all the time he's 
in flight to optimize the angle of incidence, blade relative to the 
air. Net result : "meat cleaver" always hits the bird at ihe 

Optimum angle to slice it. Then we pulled the string on die 
propeller -designer. We sald"O.K. , how about the reverse case?" That 
set him back on his heels a bit, at first, Howevar, the record still 
stands. One manufacturer claims 54 million prop?^ flying -hours without 
a single separation of a propeller blade in flight (speaking o£ just 
turbine engine prop experience). The one partial blade failure chat 
they had was on the ground during reversing. It was net due to a bird 
strike; it was a fatigue failure occasioned by a ding on the prop that 
hadn't been properly maintained (military environment). 

The point I'm trying to make is that’ we do quite a lot of 
Worrying about safety when a new design is presented to us for 
evaluation. We sometimes get the feeling from a lot of the fancy 
brochures put out by the manufacturers that they aren't worrying 
about safety. (But, they really do.) In any casej you can be sure 
that we'll continue to stir the safety pot with respect to blade 
retention and bird-strike tolerance for sometime to come. 


There’s another area that comes under the cate-gory of safety. I call 
It "Lift Augmentat ion with Power Increase". Going back in history a 
little bit, I'm sure many of you can remember when all of the air- 
lines' airplanes were powered by propeller-driving engines. In those 
"Good Ole Days" the pilot making an approach knew that he could always 
get a little boost in lift by advancing his throttles, to help him 
recover from a dip below the glideslope. It was also sometimes helpful 
to correct for errors In flare or sudden loss in airspeed due to wind- 
shear near the ground. Since about 1958 when we began to Introduce 
jets, we've had to start telling ourselves a new story: "No boost in 

lift with throttle advance; gotta rotate the nose." It took a while 
to get the message across to the throttle- jockeys that had lived all 
their lives on DC3's, 4's, 6's, 7's, Connies, etc. But they learned. 
Finally. It hasn't been a problem for our more recent crops of pitots 
who did 'most of their early flying on jet aircraft with the military. 
However, we still have wind shear. One of my tasks at Eastern is to 
participate in the evaluation of incidents and accidents. One of the 
conclusions that I've personally come to, after several years of this 
sort of activity, is that we still have unknowns. We know just about 
all there is to know about how our airplanes perform in various 
situations. We know what the engines will do. We even have a prcLiy 
good handle on weather phenomena. Rut we still have some unknowns in 
the human psychology area, especially when you tangle all this stuff 
together .. .airplanes , engines, and vJeathcr . . .with people-pilots. For 
example, how do you G^nvlnee a piiot who has just flown through a 
windshear that has knocked 2.5 knots off of his approach speed, that 
he should yank the nose up and start a go-around? liov7 does he know 
that that 25 knots less in airspeed is all he's going to exrerieace? 
How do you make sure chat he's not so fascinated w’lth that loss in 
airspeed that he doesn't notice a sharp change in his rate of descent? 
At the precise moment he needs to? 
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The point o£ all those questions is that I don't think it would be 
• bad thing at all for our industry to acquire some new airplanes 
that experienced Lift Augmentation with Power Increase. ('Specially 
for our medit’.m and short haul routes . ) 


WHERE DO WE 
GO FROM HERE? 


It seems pretty clear to me that if you can develop for us a design 
option which offers us an 18% net saving in fuel, plus an 8% saving 
in direct operating cost, plus a noticeable increment in reduced take- 
off and sideline noise j with no major penalties in operating reliab- 
ility, and no degradation .of safety , then we have to give that design 
option a pretty good look-see. And, to iny way of thinking, it's an 
attractive-enough package to justify a very vigorous NASA R&D program. 
By thatp I mean even more vigorous than that spelled out In NASA's 
Aircraft Fuel Conservation Technology task Force report last September, 


There's another reason for considering acGeleration of the program. 

If there's anything we've learned clearly over the last ten or twelve 
years, it's that we can run a better airline and make more profit with 
a minimum number of aircraft- types and engine- types in operation. 
Basical-y, Eastern is now down to two engine- types , the JT8D and the 
RB.211. When I joined Eastern in 1964, we had six. A tremendous 
amount of executive talent and energy has gone into the decision- 
making process to manage our fleet down to the simplicity status we 
now have achieved. We will give ground from that position very 
grudgingly* When and if we decide to procure some airplanes built 
around medium- sized /hi -bypass -ratio engines such as the GFMS6 or 
JTIOD, it will be because we have convinced management that that is 
the small engine of the future, - "the JT8D of the 1980's and '90' s/' 
It won't be because management wants to give Engineering another toy 
to play with around the Christmas tree! 


Now, to get to the point. One of my concerns, and at chis point 1 
have to say that this is primarily a personal concern, not a corporate 
concern, is that we may be waltzing up toward a repetition of an error 
we made in the late 50's. Think back. There was a lot of uncertainty 
and indecision in the airline ranks about the "Fan Engine". Except for 
a few "radical" prophets, nobody gave the fan engine very much chance of 
happening. When it finally did get provoked into existence, most air- 
lines had already started their jet aircraft fleet, equipment program. 
Quite a few Boeing and Douglas airplanes were ordered with the JT3C and 
JT4C engines- Those airplanes were put into service starting in late 
1958 on through '59 and '60. Then In 1961, the fan engine arrived, 
and almost overnight all of the straight- jet airplanes became obsolete. 
Even with the screai: Lag banshee problem we had with the early JT3D 
engines on approach (before came up v;ith the "hush-kit"), it was 

obvious to anyone who vent out around an airport and listened that the 
JT3D had made a substantial reduction in the takeoff and sideline noise 
problem. Even with the reliability proble’is that plagued the pioneers 
throughout 1961 and some of the following years, it was also immediately 
obvious that the fuel consumption benefits (even with lOfif a gallon fuel I) 
made the fan-engine ecGnomically worthwhile* Then the additional range 
flexibility opened up a whole new market for the manufacturers. 
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But, the problem vas that many of the airlines had already started 
to equip with straight- jet-powered airplanes before the fan came 
along. The less^visionary earriers, like Eastern * were saddled 
with these noisier and less fuel -efficient aircraft for a long time. 

|'*No Easy My point is clear, but the solution to the problem I pose is not. 

I Victories” I wish that the advanced turboprop deveLopment pTograra cotild be 

accelerated to the p.^int where we could choose between it and the 
hi-bypasS-ratio ducted fan before we buy another new airplane type. 
Frankly, I don’t see how anyone can make it go that fast. But I’d 
sure like NASA to give it a ’’good college try”. 


I’d like to close by. thanking Lockheed for giving Eastern the 
opportunity to participate in this interesting progrpm. 





rSKSSN*; 


Bnrs«^ 


T'e^Tir. 
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